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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. Tl advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, 
that the information being relied upon is current. 

Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl's standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems 
necessary to support this warranty. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 

Tl assumes no liability for Tl applications assistance, customer product 
design, software performance, or infringement of patents or services 
described herein. Nor does Tl warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or 
relating to any combination, machine, or process in which such 
semiconductor products or services might be or are used. 

Information contained in this data book supersedes all data for this 
technology published by Tl in the United States of America before 
January 1989. 


Copyright © 1989, Texas Instruments Incorporated 



INTRODUCTION 


Texas Instruments offers an extensive line of industry-standard integrated circuits designed to provide highly- 
reliable power supply controllers and regulators, voltage references, and voltage converters for system operations. 

Tl voltage regulators and supervisory circuits represent processes from standard bipolar through BIDFET* and 
Schottky technologies. 

This data book (Volume 3 of 3) provides information on the following types of products: 

• Supervisory circuits 

• Switched-capacitance voltage converters 

• Shunt voltage regulators and voltage references 

• Adjustable series-pass voltage regulators 

• Switching power supply and pulse-width-modulated (PWM) controllers and regulators 

• Fixed output series-pass voltage regulators (positive and negative) 

These products provide critical functions for power conversion in analog and digital systems that: 

• Utilize a wide range of voltages 

• Require a constant output voltage regardless of changes in input voltage, output current, and ambient 
temperature 

• Demand high input-output isolation where analog circuitry must be connected independent of digital 
ground 

• Need low-voltage (battery) regulation. 

New surface-mount packages (8 to 20 leads) include plastic chip carriers and the small-outline (D) plastic packages 
that optimize board density with minimum impact on power-dissipation capability. Test equipment with handlers 
and automated assembly bonders strengthens the production capabilities to provide a lower cost-to-performance 
ratio. Tl continues to enhance quality and reliability of integrated circuits by improving materials, processes, 
test methods, and test equipment. In addition, specifications and programs are continuously updated. Quality 
and performance are monitored throughout all phases of manufacturing. 

The alphanumeric listing in this data book includes all devices in Volumes 1, 2, and 3. Products in this data 
book are shown in bold type. The alphanumeric index provides a method of quickly locating the correct device 
type. The selection guide includes a functional description of each device providing key parameter information 
and packaging types. Ordering information and mechanical data are in the last section of the data book. 

While this volume offers design and specification data only for voltage regulators and supervisory circuit 
components, complete technical data for any Tl semiconductor product is available from your nearest Tl Field 
Sales Office, local authorized Tl distributor, or by writing directly to: 

Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P.O. Box 809066 
Dallas, Texas 75380-9066 

We sincerely feel that the new 1989 Voltage Regulators and Supervisors data book will be a significant addition 
to your library of technical literature from Texas Instruments. 


^BIDFET-Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip — Patented Process 
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1-6 


VOLTAGE REGULATORS AND SUPERVISORS 
SELECTION GUIDE 


power supply supervisors (Values specified for Ta = 25 °C) 


FUNCTION 

SENSE 

INPUT 

SUPPLY 

SENSE 

INPUT 

THRESHOLD 

(V TYP) 

THRESHOLD 

TOLERANCE 

(%) 

OUTPUT 

TYPE 

PACKAGE 

PAGE 

NO. 

1 vsu 

2 VSU 

Overvoltage 









Monitor 


— 

2.6 

5 

Open-Emitter 

MC3423 

D, JG, P 

2-75 


* 

- 

2.53 



TL7702A 




5 V 

_ 

4.55 



TL7705A 



Undervoltage 










9 V 

— 

7.6 

1 

Open-Collector 

TL7709A 

D, P 

2-191 

Monitor 










12 V 

— 

10.8 



TL7712A 




15 V 

- 

13.5 



TL7715A 








Open-Drain 

TLC7701 



CMOS 



1.2 

1 










Push-Pull 

TLC7721 



Undervoltage 






















Open-Drain 

TLC7705 



Monitor 

5 V 


4.55 

1 










Push-Pull 

TLC7725 



CMOS 

5 V 

* 

4.55 



TL7780-5 



Undervoltage 

12 V 

* 

10.9 

1 

Open-Collector 

TL7780-12 

D, N 

2-205 

Monitor 

15 V 

* 

13.64 



TL7780-15 



Dual 

5 V 

* 

4.55 



TL7770-5 



Undervoltage 

12 V 

* 

10.9 

1 

Open-Collector 

TL7770-1 2 

DW, N 

2-199 

/Overvoltage* 

15 V 

* 

13.64 



TL7770-1 5 




•Programmable 


switched-capacitor voltage converters (Values specified for Ta - 25 °C) 


CONTROL 

TOPOLOGY 

OUTPUT 

SWITCH 

SUPPLY 

VOLTAGE 

RANGE 

(V) 

QUIESCENT 

CURRENT 

(NO LOAD) 

MAXIMUM 

CONTINUOUS 

1 OUT 

MAXIMUM 

FREQUENCY 

(kHz) 

TYPICAL 

CONVERSION 

EFFICIENCY 

(%) 

TYPE 

PACKAGE 

PAGE 

NO. 

Voltage 

Mode 

Single 

1.5-9 

200 nA 

50 mA 

10 

95 

LTC1044 

JG, L, P 

2-59 

3.5-15 

150 fiA 

300 mA 

35 

90 

LT1054 

3-5 


shunt voltage regulators/references (Values specified for Ta = 25 °C) 


REGULATOR 

MINIMUM SHUNT 

MAXIMUM 

TOLERANCE 

(%) 

TEMPERATURE 



PAGE 

NO. 

VOLTAGE 

CURRENT TO 

SHUNT 

COEFFICIENT 

DEVICE 

PACKAGE 

RANGE (V) 

MAINTAIN REG 

CURRENT 

(TYP) 




10 /*A 


1 


LT1004 

D, LD, LP 

2-39 

2.5 (Typ) 

20 fiA 

20 mA 

9 

20 PPM/°C 

LM185-2.5 

L 

2-3 

Z 


LM385-2.5 

D, LD, LP 


400 nA 


0.2 

15 PPM/°C 

LT1009 

2-51 

2.5 to 30 

500 iiA (Typ) 


4 

120 PPM/°C 

TL430 

LP 

2-107 

2.5 to 36 

270 nA (Typ) 

150 mA 

2 

30 PPM/°C 

TL431 

D, JG, LD, LP, P 

2-111 


1 

TL431A 

D, LP, P 
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VOLTAGE REGULATORS AND SUPERVISORS 
SELECTION GUIDE 


adjustable series-pass voltage regulators (Values specified over operating temperature range) 


OUTPUT 

VOLTAGE 

OUTPUT 

CURRENT 

OUTPUT 

VOLTAGE 

RANGE (V) 

TOLERANCE 

(%) 

MAXIMUM 

(V|-V 0 ) 

DIFFERENCE 

DEVICE 

PACKAGE 

PAGE 

NO. 

Postive Output 

100 mA 

1.2 to 32 

5 

35 V 

TL317 

D, JG, LP 

2-101 

750 mA 

1.25 to 125 

5 

125 V 

TL783 

KC 

2-173 

1.5 A 

1.2 to 37 

5 

40 V 

LM217 

LM317 

2-9 

Negative Output 

1.5 A 

-1.2 to -37 

4 

-40 V 

LM237 

LM337 

2-17 

Positive or Negative 
Output 

150 mA 

2 to 37 

5 

38 V 

uA723 

D, J, N, U 

2-211 

Positive Output 

5 A 

3 to 28 

2 

30 V 

LT1084 

KA, KK 

3-11 
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VOLTAGE REGULATORS AND SUPERVISORS 
SELECTION GUIDE 


switching power supply controllers and regulators 


(Values specified for Ta = 25 °C) 



TL1451A 


D, J, N 


D, N 


2-185 


UC2842 

UC2843 

UC3842 

UC3843 


Current Mode 
Pulse-Width 
Modulated 
Controllers 


UC2844 

UC2845 

UC3844 

UC3845 


D, P 


UC1846 

UC1847 


UC2846 

UC2847 

UC3846 

UC3847 


2-263 


LT1070 


KJ, KV 


Fixed On-Time 
Voltage Mode 


TL496 


D, P 


D, J, N 


2-135 


X Applicable data 
— Non-applicable data 
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VOLTAGE REGULATORS AND SUPERVISORS 
SELECTION GUIDE 



positive fixed output series-pass voltage regulators 

(Values specified over operating temperature range) 


OUTPUT 

VOLTAGE 

(V) 

OUTPUT 

CURRENT 

RATING 

OUTPUT 

VOLTAGE 

TOLERANCE 

(±%) 

MINIMUM 

DIFFERENTIAL 

VOLTAGE 

(V) 

TYPE 

PACKAGE 

PAGE 

NO. 

2.6 

100 mA 

5 

2 

UA78L02A 

D, JG, LP 

2-229 

10 

UA78L02 

5 

100 mA 

5 

UA78L05A 

5 

0.6 

LM2931-5AQ 

D, KC, LP 

EESI 

10 

2 

UA78L05 

D, JG, LP 


150 mA 

5 

0.6 

LM330 

KC 

QgQH 

10 

LM2930-5 

KC, LP 

KBSI 

5 

TL750L05 

D, KC, LP, P 

2-159 

TL751L05 

D, P 

500 mA 

2 

UA78M05 

JG, KC 

2-237 

750 mA 

1 

0.6 

TL750M05 

KC 

2-163 

TL751M05 

1.5 A 

2 

2 

TL780-05 

2-169 

5 

uA7805 

2-247 

6 

500 mA 

UA78M06 

2-237 

6.2 

100 mA 

UA78L06A 

D, JG, LP 

2-229 

10 

UA78L06 

1.5 A 

5 

UA7806 

KC 

2-247 

8 

100 mA 

UA78L08A 

D, JG, LP 

2-229 

10 

UA78L08 

150 mA 

0.6 

LM2930-8 

KC, LP 

2-29 

5 

TL750L08 

D, KC, LP, P 

2-159 

TL751L08 

D, P 

2-159 

500 mA 

2 

UA78M08 

KC 

2-237 

750 mA 

1 

0.6 

TL750M08 

2-163 

TL751M08 

1.5 A 

5 

2 

UA7808 

2-221 

8.5 

UA7885 

2-221 

9 

100 mA 

UA78L09A 

D, JG, LP 

2-229 

10 

UA78L09 

500 mA 

5 

UA78M09 

KC 

2-237 

10 

100 mA 

UA78L10A 

D, JG, LP 

2-229 

10 

UA78L10 

150 mA 

5 

0.6 

TL750L10 

D, KC, LP, P 

2-159 

TL751L10 

D, P 

2-159 

500 mA 

2 

UA78M10 

KC 

2-237 

Dual 

5 

100 mA 

4 

2.2 

LT1036 

KJ, KV 

3-3 

12 

3 A 

3 


1-10 
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VOLTAGE REGULATORS AND SUPERVISORS 
SELECTION GUIDE 


positive fixed output series-pass voltage regulators (continued) 

(Values specified over operating temperature range) 


OUTPUT 

VOLTAGE 

(V) 

OUTPUT 

CURRENT 

RATING 

OUTPUT 

VOLTAGE 

TOLERANCE 

(±%) 

MINIMUM 

DIFFERENTIAL 

VOLTAGE 

(V) 

TYPE 

PACKAGE 

PAGE 

NO. 

10 

750 mA 

1 

0.6 

TL750M10 

KC 

2-163 

TL751M10 

1.5 A 

5 

2 

uA7810 

2-221 

12 

100 mA 

UA78L12A 

D, JG, LP 

2-229 

10 

UA78L12 

150 mA 

5 

0.6 

TL750L12 

D, KC, LP, D 

2-159 

TL751L12 

D, P 

2-159 

500 mA 

2 

UA78M12 

JG, KC 

2-237 

750 mA 

1 

0.6 

TL750M12 

KC 

2-163 

TL751M12 

1.5 A 

2 

2 

TL780-12 

2-169 

5 

UA7812 

2-221 

15 

100 mA 

UA78L15A 

D, JG, LP 

2-229 

10 

UA78L15 

500 mA 

5 

UA78M15 

JG, KC 

2-237 

1.5 A 

2 

TL780-15 

KC 

2-169 

5 

uA7815 

2-221 

18 

uA7818 

2-247 

20 

500 mA 

UA78M20 

2-237 

24 

UA78M24 

1.5 A 

UA7824 

2-221 
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VOLTAGE REGULATORS AND SUPERVISORS 
SELECTION GUIDE 



negative fixed output series-pass voltage regulators 

(Values specified over operating temperature range) 


OUTPUT 

VOLTAGE 

(V) 

OUTPUT 

CURRENT 

RATING 

OUTPUT 

VOLTAGE 

TOLERANCE 

(±%) 

MINIMUM 

DIFFERENTIAL 

VOLTAGE 

(V) 

TYPE 

PACKAGE 

PAGE 

NO. 

5 

100 mA 

5 

1.7 

MC79L05A 

D, LP 

2-77 

10 

MC79L05 


5 

2 

UA79M05 

JG, KC 



UA7905 

KC 

ms 

5.2 

UA7952 

6 


UA79M06 

JG, KC 


1.5 A 

UA7906 

KC 


8 

500 mA 

UA79M08 

JG, KC 

BFgT-BM 

1.5 A 

uA7908 

KC 


12 

100 mA 

1.7 

MC79L12A 

D, LP 

2-77 

10 

MC79L12 

500 mA 

5 

2 

UA79M12 

JG, KC 

2-253 

1.5 A 

uA7912 

KC 

2-247 

15 

100 mA 

1.7 

MC79L15A 

D, LP 

2-77 

10 

MC79L15 

500 mA 

5 

2 

UA79M15 

JG, KC 

2-253 

1.5 A 

uA7915 

KC 

2-247 

18 

UA7918 

20 

500 mA 

UA79M20 

2-253 

24 

UA79M24 

1.5 A 

UA7924 

2-247 
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VOLTAGE REGULATORS 
CROSS-REFERENCE GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained herein. 

Manufacturers are arranged in alphabetical order. 


LINEAR 

DIRECT 

Tl 

REPLACEMENT 

PAGE 

TECHNOLOGY 

NO. 

LM317 

LM317 

2-9 

LM337 

LM337 

2-17 

LM385-2.5 

LM385-2.5 

2-3 

LT1004-2.5 

LT1004-2.5 

2-39 

LT1009 

LT1009 

2-51 

LT1036 

LT1036 

3-3 

LT1070 

LT1070 

3-9 

SG3524 

SG3524 

2-89 

UC3846 

UC3846 

2-263 

UC3847 

UC3847 

2-263 


MOTOROLA 

DIRECT 

Tl 

PAGE 

NO. 


REPLACEMENT 

LM217, LM317 

LM217, LM317 

2-9 

LM237, LM337 

LM237, LM337 

2-17 

MCI 723 

UA723 

2-211 

MC3423 

MC3423 

2-75 

MC34060 

MC34060 

2-81 

MC78L00 Series 

UA78L00 Series 

2-229 

MC78M00 Series 

uA78M00 Series 

2-237 

MC79L00 Series 

MC79L00 Series 

2-77 

TL431 

TL431 

2-111 

TL431A 

TL431A 

2-111 

TL494 

TL494 

2-123 

TL495 

TL495 

2-123 

TL780-5 

TL780-5 

2-169 

TL780-12 

TL780-1 2 

2-169 

TL780-15 

TL780-1 5 

2-169 
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VOLTAGE REGULATORS 
CROSS-REFERENCE GUIDE 


NATIONAL 

DIRECT 

Tl 

SUGGESTED 

Tl 

PAGE 


REPLACEMENT 

REPLACEMENT 

NO. 

LM217, LM317 

LM217, LM317 


2-9 

LM237, LM337 

LM237, LM337 


2-17 

LM317L 

TL317 


2-101 

LM330 

LM330 


2-21 

LM336-2.5 


LT1009 

2-51 

LM385-2.5 

LM385-2.5 

LT 1004-2.5 

2-39 

LM723 

uA723 


2-211 

LM2930-5 

LM2930-5 


2-29 

LM2930-8 

LM2930-8 


2-29 

LM2931-5 

LM2931-5A 


2-37 

LM3524 

SG3524 


2-89 

LM7800 Series 

uA7800 Series 


2-221 

LM78L00 Series 

UA78L00 Series 


2-229 

LM78M00 Series 

uA78M00 Series 


2-237 

LM7900 Series 

uA7900 Series 


2-247 

LM79L00 Series 

MC79L00 Series 


2-77 

LM79M00 Series 

uA79M00 Series 


2-253 


SILICON 

GENERAL 

DIRECT 

Tl 

PAGE 

NO. 

REPLACEMENT 

SG3524 

SG3524 

2-89 

SG3842/3/4/5 

UC3842/3/4/5 

3-21 



DIRECT 

PAGE 

NO. 

SPRAGUE 

Tl 


REPLACEMENT 

ULN8194 

TL594 

2-143 

ULN8195 

TL595 

2-143 



DIRECT 

SUGGESTED 

PAGE 

NO. 

UNITRODE 

Tl 

Tl 


REPLACEMENT 

REPLACEMENT 

TL431 

TL431 


2-111 

UC317 

LM317 


2-9 

UC337 

LM337 


2-17 

UC494 

TL494 


2-123 

UC494A 

TL594 


2-143 

UC495 

TL495 


2-123 

UC495A 

TL595 


3-143 

UC2842/3/4/5 

UC2842/3/4/5 


3-21 

UC3842/3/4/5 

UC3842/3/4/5 


3-21 

UC3846/UC2846 

UC3846/UC2846 


2-263 

UC3847/UC2847 

UC3847/UC2847 


2-263 

UC7800 Series 

uA7800 Series 


2-221 

UC7800A Series 


TL780-00 Series 

2-169 

UC7900 Series 

uA7900 Series 


2-247 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


SERIES REGULATORS 

Bias Current 

The difference between input and output currents. 

NOTE: This is sometimes referred to as quiescent current. 

Current-Limit Sense-Voltage 

The voltage that is a function of the load current and is normally used for control of the current-limiting 
circuitry. This is the current-sense voltage at which current limiting occurs. 

Dropout Voltage 

The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions 
in input voltage. 

Feedback Sense Voltage 

The voltage that is a function of the output voltage and is used for feedback control of the regulator. 

Input Regulation 

The change in output voltage, often expressed as a percentage of output voltage, for a change in input 
voltage from one level to another level. 

NOTE: Sometimes this characteristic is normalized with respect to the input voltage change. 

Output Noise Voltage 

The rms output noise voltage, sometimes expressed as a percentage of the dc output voltage, with constant 
load and no input ripple. 

Output Regulation 

The change in output voltage, often expressed as a percentage of output voltage, for a change in load 
current from one level to another level. 

Output Voltage Change with Temperature 

The percentage change in the output voltage for a change in temperature. This is the net change over 
the total temperature range. 

Output Voltage Long-Term Drift 

The change in output voltage over a long period of time. 

Peak Output Current 

The maximum output current that can be obtained from the regulator due to limiting circuitry within the 
regulator. 

Reference Voltage 

The voltage that is compared with the feedback sense voltage to control the regulator. 

Ripple Rejection 

The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 

NOTE: This is the reciprocal of ripple sensitivity. 
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GLOSSARY 

VOLTAGE-REGULATOR TERMS AND DEFINITIONS 


1 


Ripple Sensitivity 

The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, 
to the peak-to-peak input ripple voltage. 

NOTE: This is the reciprocal of ripple rejection. 


Short-Circuit Output Current 


The output current of the regulator with the output shorted to ground. 

Standby Current 

The input current drawn by the regulator with no output load and no reference voltage load. 

Temperature Coefficient of Output Voltage (a\/0) 

The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the 
change in temperature. This is the average value for the total temperature change. 


<*VO 


Vo at T2 - Vo at T -| 

" 100% " 

Vq at 25 °C 

T 2 ~ 
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GLOSSARY 

VOLTAGE-REGULATOR TERMS AND DEFINITIONS 


SHUNT REGULATORS 

NOTE: These terms and symbols are based on JEDEC and IEC standards for voltage regulator diodes. 

Anode 

The electrode to which the regulator current flows within the regulator when it is biased for regulation. 

Cathode 

The electrode from which the regulator current flows within the regulator when it is biased for regulation. 

Dynamic Impedance |zka| 

The quotient of a change in voltage across the regulator and the corresponding change in current through 
the regulator when it is biased for regulation. 

Noise Voltage (V nz ) 

The rms noise voltage with the regulator biased for regulation and with no input ripple. 

Reference Input Voltage (V re f) (of an adjustable shunt regulator) 

The voltage at the reference input terminal with respect to the anode terminal. 

Regulator Current dz) 

The dc current through the regulator when it is biased for regulation. 

Regulator Current near Lower Knee of Regulation Range «ZK) 

The regulator current near the lower limit of the region within which regulation occurs; this corresponds 
to the breakdown knee of a regulator diode. 

Regulator Current at Maximum Limit of Regulation Range Ozm) 

The regulator current above which the differential resistance of the regulator significantly increases. 
Regulator Voltage (Vz) 

The dc voltage across the regulator. 

Shunt Regulator 

A device having a voltage-current characteristic similar to that of a voltage-regulator diode. It is normally 
biased to operate in a region of low differential resistance (corresponding to the breakdown region of a 
regulator diode) and develops across its terminals an essentially constant voltage throughout a specified 
current range. 

Temperature Coefficient of Reference Voltage («V re f) 

The ratio of the change in reference voltage to the change in temperature. This is the average value for 
the total temperature change. 

To obtain a value in ppm/°C: 



a V re f 


Vref at T2 - V re f at Ti 

106 

V re f at 25 °C 

It2 - ttJ 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5 
MICROPOWER VOLTAGE REFERENCES 


■ • Operating Current Range ... 20 pA to 

I 20 mA 

I • 1.5% and 3% Initial Voltage Tolerance 

! • Reference Impedance ... 

' LM185 ... 0.6 CL Max at 25°C 

LM385 ... 1 a Max at 25°C 
All Devices ... 1.5 H Max Over Full 
Temperature Range 

• Very Low Power Consumption 

• Applications: 

Portable Meter References 
Portable Test Instruments 
Battery-Operated Systems 
Current-Loop Instrumentation 
Panel Meters 

• Designed to be Interchangeable with 
National LM185-2.5, LM285-2.5, and 
LM385-2.5 

description 

These micropower terminal bandgap voltage 
references operate over a 20-pA to 20-mA 
current range and feature exceptionally low 
dynamic impedance and good temperature 
stability. On-chip trimming provides tight voltage 
tolerance. The LM 185-2.5 series bandgap 
reference has low noise and good long-term 
stability. 

Careful design of the LM185-2.5 series has made 
the device exceptionally tolerant of capacitive 
loading, making it easy to use in almost any 
reference application. The wide dynamic 
operating temperature range allows its use with 
widely varying supplies with excellent regulation. 

The extremely low-power drain of the LM185-2.5 
series makes it useful for micropower circuitry. 
These voltage references can be used to make 
portable meters, regulators, or general-purpose 
analog circuitry with battery life approaching 
shelf life. Further, the wide operating current 
range allows them to replace older references 
with a tighter tolerance part. 

The LM 185-2.5 is characterized for operation 
over the full military temperature range of -55°C 
to 125°C. The LM285-2.5 is characterized for 
operation from -40°C to 85°C. The LM385-2.5 
and LM385B-2.5 are characterized for operation 
from 0°C to 70°C. 



PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5 
MiCROPOWER VOLTAGE REFERENCES 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5 
MICROPOWER VOLTAGE REFERENCES 


absolute maximum ratings over operating free-air temperature range 


Reverse current. 30 mA 

Forward current. 10 mA 

Operating free-air temperature range: LM185-2.5 . -55°Cto125°C 

LM285-2.5 . -40°C to 85°C 

LM385-2.5, LM385B-2.5 . 0°C to 70°C 

Storage temperature range. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package. 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LD package . 300°C 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

t a + 

LM185-2.5, 

LM285-2.5 

LM385-2.5 

LM385B-2.5 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V z Reference voltage 

l z = 20 pA to 20 mA 

25°C 

2.462 2.5 2.538 

2.425 2.5 2.575 

2.462 2.5 2.538 

V 

Average temperature 
a vz coefficient of reference 

voltage^ 

l z = 20 pA to 20 mA 

25°C 

±20 

±20 

±20 

ppm/°C 

AV Change in reference 

a z voltage with current 

l z = 20 pA to 1 mA 

25°C 

1 

2 

2 

mV 

Full range 

1.5 

2.5 

2.5 

l z = 1 mA to 20 mA 

25°C 

10 

20 

20 

Full range 

20 

25 

25 

AV /At Lon 9' term change in 
av z /m reference voltage 

l z = 100 pA 

25°C 

±20 

±20 

±20 

ppm/khr 

■ Minimum reference 

'z(min) curr ent 


Full range 

8 20 

8 20 

8 20 

pA 

Z z Reference impedance 

l z = 100 pA 

25°C 

0.2 0.6 

0.4 1 

0.4 1 

a 

Full range 

1.5 

1.5 

1.5 

v Broadband noise 

Vn voltage 

l z = 100 pA, 
f = 10 Hz to 10 kHz 

25°C 

120 

120 

120 

mv 


t Full range is -55°C to 125°C for the LM185M-2.5, -40°C to 85°C for the LM285-2.5, and 0°C to 70°C for the LM385-2.5 and LM385B-2.5. 
t The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified 
temperature range. 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5 
MICROPOWER VOLTAGE REFERENCES 



TYPICAL CHARACTERISTICSt 



0 0.5 1.0 1.5 2.0 2.5 3.0 


REFERENCE VOLTAGE CHANGE 
WITH 



0.01 0.1 1 10 100 


Vr—R everse Voltage —V 


Ir — Reverse Current—mA 


FIGURE 1 


FIGURE 2 


REFERENCE VOLTAGE 


vs 




0.01 0.1 1 10 100 - 55 - 35-15 5 25 45 65 85 105 125 


Ip—Forward Current—mA 


Ta—F ree-Air Temperature — °C 


FIGURE 3 


FIGURE 4 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5 
MICROPOWER VOLTAGE REFERENCE 


TYPICAL CHARACTERISTICS 


REFERENCE IMPEDANCE 


vs 



0.01 0.1 1 10 100 
l z —Reference Current —mA 
FIGURES 


NOISE VOLTAGE 
vs 

FREQUENCY 



REFERENCE IMPEDANCE 


vs 



0.01 0.1 1 10 100 1000 
f—Frequency—kHz 

FIGURE 6 

FILTERED RMS OUTPUT NOISE VOLTAGE 


vs 



0.1 1 10 100 
f—Frequency—kHz 

FIGURE 8 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5 
MICROPOWER VOLTAGE REFERENCE 



TYPICAL CHARACTERISTICS 


TRANSIENT RESPONSE 



FIGURE 9 


TYPICAL APPLICATION DATA 


2 MERCURY 
CELLS 
2.6 V 



FIGURE 10. THERMOCOUPLE COLD-JUNCTION COMPENSATOR 


LM334 


3.7 V < V + < 30 V 


f 


; 2.7 ktt 
>—2.5 V 


LM385-2.5 


9 V 


220 kfi 
-2.5 V 


FIGURE 11. OPERATION OVER 
A WIDE SUPPLY RANGE 


LM385-2.5 


FIGURE 12. REFERENCE FROM A 9-V BATTERY 
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LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


• Output Voltage Range Adjustable from 
1.2 V to 37 V 

• Output Current Capability 
of 1.5 A Max 

• Input Regulation Typically 0.01% Per 
Input-Volt Change 

• Output Regulation Typically 0.1% 


D2212, SEPTEMBER 1977-REVISED FEBRUARY 1988 

• Peak Output Current Constant Over 
Temperature Range of Regulator 

• Popular 3-Lead TO-220AB Package 

• Ripple Rejection Typically 80 dB 

• Direct Replacement for National LM217 
and LM317 


terminal assignments 


KC PACKAGE 
{TOP VIEW) 




description 

The LM217 and LM317 are adjustable 3-terminal positive-voltage regulators capable of supplying 1.5 A 
over a differential voltage range of 3 V to 40 V. They are exceptionally easy to use and require only two 
external resistors to set the output voltage. Both input and output regulation are better than standard fixed 
regulators. The devices are packaged in a standard transistor package that is easily mounted and handled. 

In addition to higher performance than fixed regulators, these regulators offer full overload protection 
available only in integrated circuits. Included on the chip are current limit, thermal overload protection, 
and safe-area protection. All overload protection circuitry remains fully functional even if the adjustment 
terminal is disconnected. Normally, no capacitors are needed unless the device is situated far from the 
input filter capacitors in which case an input bypass is needed. An optional output capacitor can be added 
to improve transient response. The adjustment terminal can be bypassed to achieve very high ripple rejection, 
which is difficult to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. The 
primary applications of each of these regulators is that of a programmable output regulator, but by 
connecting a fixed resistor between the adjustment terminal and the output terminal, each device can be 
used as a precision current regulator. Even though the regulator is floating and sees only the input-to-output 
differential voltage, use of these devices to regulate output voltages that would cause the maximum-rated 
differential voltage to be exceeded if the output became shorted to ground is not recommended. The TL783 
is recommended for output voltages exceeding 37 V. Supplies with electronic shutdown can be achieved 
by clamping the adjustment terminal to ground, which programs the output to 1.2 V where most loads 
draw little current. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LM217, LM317 

3-TERMINAL ADJUSTABLE REGULATORS 


The LM217 and LM317 are characterized for operation from - 25 °C to 1 50°C and from 0°C to 125°C, 
respectively. 

schematic 



absolute maximum ratings over operating temperature range (unless otherwise noted) 



LM217 

LM317 

UNIT 

lnput-to-output differential voltage, V| - Vq 

40 

40 

V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) 

2000 

2000 

mW 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 

20 

15 

W 

Operating free-air, case, or virtual junction temperature range 

-25 to 150 

0 to 125 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 

°C 


NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 15 and 16. To avoid exceeding the design maximum 
virtual junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics 
and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the 
rated dissipation. 


recommended operating conditions 



LM217 

LM317 

UNIT 


MIN 

MAX 

MIN 

MAX 

Output current, Iq 

5 

1500 

10 

1500 

mA 

Operating virtual junction temperature, Tj 

-25 

150 

0 

125 

°C 
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LM217, LM317 
3 TERMINAL ADJUSTABLE REGULATORS 


electrical characteristics over recommended ranges of operating virtual junction temperature (unless 
otherwise noted) (see Note 2) 


PARAMETER 

TEST CONDITIONS^ 

LM217 

LM317 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input regulation 

(See Note 3) 

V| - Vo = 3 V to 40 V, 
See Note 4 

Tj = MIN to MAX 

0.01 0.02 

0.01 0.04 

%/V 

Iq = 10 mA to 1.5 A 

0.02 0.05 

0.02 0.07 

Ripple rejection 

V 0 = 10 V, f = 120 Hz 

65 

65 

dB 

Vq = 10 V, f = 120 Hz, 

10-/iF capacitor between ADJ and ground 

66 80 

66 80 

Output regulation 

lO = 10 mA to 1.5 A, 

Tj = 25 °C, See Note 4 

Vq < 5 V 

5 15 

5 25 

mV 

Vq > 5 V 

0.1 0.3 

0.1 0.5 

% 

lO = 10 mA to 1.5 A, 

See Note 4 

Vq < 5 V 

20 50 

20 70 

mV 

Vq > 5 V 

0.3 1 

0.3 1.5 

% 

Output voltage change 
with temperature 

Tj = MIN to MAX 

1 

1 

% 

Output voltage 
long-term drift 

(see Note 5) 

After 1000 h at Tj = MAX 
and V| - Vq = 40 V 

0.3 1 

0.3 1 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, Tj - 25°C 

0.003 

0.003 

% 

Minimum output current 
to maintain regulation 

V| - Vq = 40 V 

3.5 5 

3.5 10 

mA 

Peak output current 

V| - Vq < 15 V 

1.5 2.2 

1.5 2.2 

A 

V| - Vq ^ 40 V, Tj = 25°C 

0.4 

0.15 0.4 

Adjustment-terminal 

current 


50 100 

50 100 

m a 

Change in adjustment- 

terminal current 

V| - Vq = 2.5 V to 40 V, 

Iq = 10 mA to 1.5 A 

0.2 5 

0.2 5 


Reference voltage 
(output to ADJ) 

V| - Vq = 3 V to 40 V, 

Iq = 10 mA to 1.5 A, P < 15W 

1.2 1.25 1.3 

1.2 1.25 1.3 

V 


tUnless otherwise noted, these specifications apply for the following test conditions; V| - Vo = 5 V and lo = 0.5 A. For conditions 
shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

NOTES: 2. All characteristics are measured with a 0.1 -/*F capacitor across the input and a '\~iiF capacitor across the output. 

3. Input regulation is expressed here as the percentage change in output voltage per 1-V change at the input. 

4. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 

5. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be 
a guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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LM217, LM317 

3-TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATION DATA 


REG 



FIGURE 1. ADJUSTABLE 
VOLTAGE REGULATOR 


REG 



REG 



FIGURE 2. O-V to 30-V 
REGULATOR CIRCUIT 


REG 


IN OUT 

ADJ 


R1 





*D1 discharges C2 
if output is shorted to ground. 

FIGURE 3. ADJUSTABLE FIGURE 4. PRECISION CURRENT 

REGULATOR CIRCUIT WITH LIMITER CIRCUIT 

IMPROVED RIPPLE REJECTION 


NOTES: 


A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors. 

B. Use of an output capacitor improves transient response but is optional. 

C. Output voltage is calculated from the equation: Vq = V re f 
V re f equals the difference between the output and adjustment terminal voltages. 
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LM217, LM317 
3 TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATIONS 



FIGURE 5. TRACKING 
PREREGULATOR CIRCUIT 


REG 



FIGURE 6. 1.2 to 20-V 
REGULATOR CIRCUIT WITH 
MINIMUM PROGRAM CURRENT 


REG REG REG 



FIGURE 7. ADJUSTING MULTIPLE ON-CARD REGULATORS WITH A SINGLE CONTROL 



R2 

z out = Rs n + rT > 


The use of R$ allows low charging rates 
with a fully-charged battery. 

FIGURE 8. BATTERY CHARGER 
CIRCUIT 


REG 



I 


FIGURE 9. 50-mA CONSTANT- 
CURRENT BATTERY CHARGER 
CIRCUIT 
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LM217, LM317 

3-TERMINAL ADJUSTABLE REGULATORS 









LM217, LM317 
3 TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATIONS 


TIP73 



^Minimum load current is 30 mA. 

§ Optional capacitor improves ripple rejection 


FIGURE 14. HIGH-CURRENT 
ADJUSTABLE REGULATOR 


2 


THERMAL INFORMATION 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



25 


50 75 100 125 

Ta~F ree-Air Temperature — °C 


150 



25 50 75 100 125 150 

Tq—C ase Temperature— °C 


FIGURE 15 


FIGURE 16 
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LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 


D2640, NOVEMBER 1981-REVISED FEBRUARY 1988 


• Output Voltage Range Adjustable from 
-1.2 V to -37 V 

• lo Capability of 1.5 A Max 

• Input Regulation Typically 0.01% per Input- 
Volt Change 

• Output Regulation Typically 0.3% 

• Peak Output Current Constant Over 
Temperature Range of Regulator 

• Ripple Rejection Typically 77 dB 

• Direct Replacement for National 
Semiconductor LM237, LM337 

description 

The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess 
of - 1.5 A over an output voltage range of - 1.2 V to - 37 V. They are exceptionally easy to use, requiring 
only two external resistors to set the output voltage and one output capacitor for frequency compensation. 
The current design has been optimized for excellent regulation and low thermal transients. In addition, 
the LM237 and LM337 feature internal current limiting, thermal shutdown, and safe-area compensation, 
making them virtually immune to blowout by overloads. 

The LM237 and LM337 serve a wide variety of applications including local on-card regulation, programmable 
output voltage regulation, or precision current regulation. They are ideal complements to the LM217 and 
LM317 adjustable positive-voltage regulators. 


LM237, LM337 . . . KC PACKAGE 



schematic diagram 



ADJUSTMENT 


OUTPUT 


INPUT 


PRODUCTION DATA documents contain information 
currant as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LM237, LM337 

3-TERMINAL ADJUSTABLE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage, V| - Vo. -40 V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1). 2 W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1). 15W 

Operating free-air, case, or virtual junction temperature range: LM237 . -25°C to 150°C 

LM337 . 0°C to 125°C 

Storage temperature range . . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260 °C 



NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and 
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated 
dissipation. 


FREE-AIR TEMPERATURE 



25 50 75 100 125 150 


T/y—Free-Air Temperature—°C 
FIGURE 1 



25 50 75 100 125 150 

Tq—C ase Temperature— °C 

FIGURE 2 
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LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 


recommended operating conditions 




LM237 

LM337 




MIN 

MAX 

MIN 

MAX 


Output current, Iq 

|V| - V 0 | <40 V, 

P < 15 W 

10 

1500 

10 

1500 


|V| - V 0 | < 10 V. 

P < 15 W 

6 

1500 

6 

1500 

m A 

Operating virtual junction temperature, Tj 

-25 

150 

0 

125 

°C 


electrical characteristics over recommended ranges of operating virtual junction temperature (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

LM237 

LM337 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input regulation* 

V| - V 0 = -3 Vto -40 V 

Tj = 25 °C 

0.01 0.02 

0.01 0.04 

%/V 

Tj = MIN to MAX 

0.02 0.05 

0.02 0.07 

Ripple rejection 

V 0 = -10 V, f = 120 Hz 

60 

60 

dB 

Vq = -10 V, f = 120 Hz 

CADJ = 10 jtF 

66 77 

66 77 

Output regulation 

Iq = 10 mA to 1.5 A, 

Tj = 25°C 

|V Q | <5 V 

25 

50 

mV 

|V Q | >5 V 

0.5 

1 

% 

Iq 10 mA to 1.5 A 

I V 0 |<5 V 

50 

70 

mV 

|V Q | >5 V 

1 

1.5 

% 

Output voltage 
change with temperature 

Tj = MIN to MAX 

0.6 

0.6 

% 

Output voltage 
long-term drift 
(see Note 2) 

After 1000 h at Tj = MAX and 

V| - Vq = -40 V 

0.3 1 

0.3 1 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, Tj = 25°C 

0.003 

0.003 

% 

Minimum output 

current to maintain 

regulation 

1 V| - V 0 1 <40 V 

2.5 5 

2.5 10 

mA 

|V|-V 0 | <10 V 

1.2 3 

1.5 6 

Peak output current 

I Vj — V 0 1 <15 V 

1.5 2.2 

1.5 2.2 

A 

|V| -Vq| <40 V, Tj = 25°C 

0.24 0.4 

0.15 0.4 

Adjustment- 

terminal current 


65 100 

65 100 

/*A 

Change in adjustment 

terminal current 

V| - Vq = - 2.5 Vto -40 V, 

l 0 = 10 mA to MAX, Tj = 25°C 

2 5 

2 5 

HA 

Reference voltage 
(output to ADJ) 

V| - Vq = -3 to -40 V, 
lO = 10 mA to 1.5 A, 

P < rated dissipation 

Tj = 25 °C 

-1.225 -1.250 -1.275 

-1.213 -1.25 -1.287 

V 

Tj = MIN to MAX 

-1.2 -1.25 -1.3 

-1.2 -1.25 -1.3 

Thermal regulation 

Initial Tj = 25 °C, 10-ms pulse 

0.002 0.02 

0.003 0.04 

%/W 



* Unless otherwise noted, these specifications apply for the following test conditions |V|-Vq| = 5 V and lo = 0.5 A. For conditions 
shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. All characteristics are measured 
with a 0.1 -fiF capacitor across the input and a 1 -/*F capacitor across the output. Pulse testing techniques are used to maintain the junction 
temperature as close to the ambient temperature as possible. Thermal effects must be taken into account separately. 

*lnput regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 

NOTE 2: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be 
a guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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LM237, LM337 

3-TERMINAL ADJUSTABLE REGULATORS 



TYPICAL APPLICATION DATA 


LM237 

OR 

LM337 



Cl is a 1-/JF solid tantalum required only if the regulator is more than 10 cm (4 in.) from the 
power supply filter capacitor. 

C2 is a solid tantalum or 10-/iF aluminum electrolytic required for stability. 

FIGURE 3. ADJUSTABLE NEGATIVE-VOLTAGE REGULATOR 


LM237 

OR 

LM337 



1.25 V 
Rs " 'LIMIT 

FIGURE 4. CURRENT-LIMITING CIRCUIT 
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LM330 

3 TERMINAL POSITIVE REGULATOR 


__ D2700, APRIL 198 3-REVISED APRIL 1 988 

• Input-Output Differential Less than 0.6 V 

• Output Current of 150 mA 

• Reverse Polarity Protection 

• Line Transient Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Direct Replacement for National LM330T-5.0 

description 

The LM330 3-terminal positive regulator features an ability to source 150 mA of output current with an 
input-output differential of 0.6 volt or less. Familar regulator features such as current limit and thermal 
overload protection are also provided. 

The LM330 has low dropout voltage making it useful for certain battery applications. For example, since 
the low dropout voltage allows a longer battery discharge before the output falls out of regulation, a battery 
supplying the regulator input voltage may discharge to 5.6 V and still properly regulate the system and 
load voltage. The LM330 protects both itself and the regulated system from reverse installation of batteries. 

Other protection features include line transient protection above 40 V, where the output actually shuts 
down to avoid damaging internal and external circuits. The LM330 regulator cannot be harmed by temporary 
mirror-image insertion. 

schematic diagram 




PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LM330 

3-TERMINAL POSITIVE REGULATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage . 26 V 

Transient input voltage t = Is. 40 V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) . 2 W 

Continuous total dissipation at (or below) case temperature (see Note 1) . 15W 

Operating free-air, case, or virtual junction temperature . -55°C to 150°C 

Storage temperature . -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260 °C 



NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and 
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated 
dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



25 


50 75 100 125 150 

Ta~F ree-Air Temperature—°C 



Ql — ■_ . _*_I_* 

25 50 75 100 125 150 

Tc—Case Temperature—°C 


FIGURE 1 


FIGURE 2 


recommended operating conditions 


1_ 1 

MIN 

MAX 

UNIT 

<o 

Output current 

5 

150 

mA 

Ta 

Operating virtual junction temperature 

0 

100 

°C 
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LM330 

3-TERMINAL POSITIVE REGULATOR 


electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, (unless 
otherwise noted) 


PARAMETERS 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, l 0 = 5 mA to 150 mA, 

4.8 5 5.2 

V 

Tj = 0°C to 100°C 


Input regulation 


V| = 9 V to 16 V 

7 25 

mV 

V| = 6 V to 26 V 

30 60 

Ripple rejection 

f = 120 Hz 

56 

dB 

Output regulation 

Iq = 5 mA to 150 mA 

14 50 

mV 

Output voltage long¬ 
term drift* 

After 1000 h at Tj = 150°C 

20 

mV 

Dropout voltage 

Iq = 150 mA 

0.32 0.6 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

50 

mV 

Output voltage with 
input polarity reversed 

R L = 100 fi 

V| = -30 V, t = 100 ms 

> -0.3 

V 

V| = -12 V, DC 

00 

d 

A 

Output voltage with 
input transient 

V| = 60 V, t = 100 ms 

<5.5 

V 

V| = 50 V, t = 1 s 

<5.5 

Bias current with input 

transient 

R|_ = 100 fi 

< 

II 

o 

< 

II 

14 

mA 

V| = -6 V, t = 1 s 

-80 

Overvoltage shutdown 
voltage 


26 45 

V 

Output impedance 

l 0 = 100 mA, l 0 = 10 mA (rms), f = 100 Hz to 10 kHz 

200 

mfl 

Bias current 

lO = 10 mA 

3.5 7 

mA 

Iq = 50 mA 

5 11 

lO = 150 mA 

18 40 

Bias current change 

V| = 6 V to 26 V 

10 

% 

Peak output current 


150 420 700 

mA 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -/*F capacitor across the input and a 10-/*F capacitor 
across the output. 

* Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee 
or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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LM330 

3-TERMINAL POSITIVE REGULATOR 


TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 


VIRTUAL JUNCTION TEMPERATURE 


= > 
c 1 

E O 4.975 
o in 

2 CM 


O 4.950 
> 




3 4 5 

V|—Input Voltage—V 

FIGURE 5 


OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 

“1 - 1 --- 1 - 

R L = ioon 



-60-40-20 0 20 40 60 80 100 120 140 

Tj—Virtual Junction Temperature—°C 

FIGURE 3 

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 


15 30 45 

V|—Input Voltage-V 

FIGURE 4 

PEAK OUTPUT CURRENT 
vs 

INPUT VOLTAGE 






Tj - 25°C- 





^Tj=^-40°C 

_/ 




— Tj = 125°C- 

/ 

/ 





/ 











10 15 20 

V|—Input Voltage—V 
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LM330 

3-TERMINAL POSITIVE REGULATOR 


TYPICAL CHARACTERISTICS 


RIPPLE REJECTION 

VS 

FREQUENCY 


RIPPLE REJECTION 
vs 

OUTPUT CURRENT 



1 

ic 

1 

= 50 mA 





V 

= 14 V 





X 

Ss, 












/ 






\ 

/ 






Y 
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10 100 Ik 10 k 100 k 1 M 

f— Frequency—Hz 

FIGURE 7 

DROPOUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 


^__ —— lo = 150mA 

_ __ —-- IO = 50mA 

__ —IO=10mA 

T I I L_j I 

25 50 75 100 125 150 

Tj—Virtual Junction Temperature—°C 



50 100 

Iq—O utput Current—mA 

FIGURE 8 

DROPOUT VOLTAGE 
vs 

OUTPUT CURRENT 
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Iq—O utput Current—mA 

FIGURE 10 
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LM330 

3 TERMINAL POSITIVE REGULATOR 



f—Frequency—Hz 

FIGURE 11 


LINE TRANSIENT RESPONSE 


V|—Input Voltage—V 
FIGURE 12 

INPUT CURRENT 
vs 

REVERSE INPUT VOLTAGE 
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FIGURE 13 


V|—Input Voltage-V 
FIGURE 14 
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LM330 

3-TERMINAL POSITIVE REGULATOR 


TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

REVERSE INPUT VOLTAGE l 



-8 -6 -4 

V|—Input Voltage—V 

FIGURE 15 


LOAD TRANSIENT RESPONSE 


& 40 LV| = 14V_ 

2 > C L = 10 


a | 0 

3 .2 

? 5 
o Q -40 
> 
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t—Time—jus 

FIGURE 16 


BIAS CURRENT 
vs 

OUTPUT CURRENT 
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FIGURE 17 
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LM330 

3-TERMINAL POSITIVE REGULATOR 


TYPICAL CHARACTERISTICS 


BIAS CURRENT 



VS 

VIRTUAL JUNCTION TEMPERATURE 



Tj—Virtual Junction Temperature—°C 


FIGURE 18 


BIAS CURRENT 


vs 



0 5 10 15 20 25 30 


V|—Input Voltage—V 
FIGURE 19 


TYPICAL APPLICATION DATA 

LM330 



NOTES: A. Use of Cl is required if the regulator is not located in close proximity to the supply filter. 

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The 
minimum capacitance that will provide stability is 1 0-fiF. The capacitor must be rated for operation at - 40 °C to assure stability 
to that extreme. 


FIGURE 20 
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LM2930-5, LM2930-8 
3 TERMINAL POSITIVE REGULATORS 


I • Input-Output Differential Less than 0.6 V 
I • Output Current of 150 mA 
| • Reverse Battery Protection 

I • Line Transient Protection 

• 40-V Load-Dump Protection 

• Internal Short Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Direct Replacement for National LM2930 
Series 

description 

The LM2930-5 and LM2930-8 are 3-terminal 
positive regulators that provide fixed 5-V and 
8-V regulated outputs. Each features the ability 
to source 150 mA of output current with an 
input-output differential of 0.6 V or less. Familiar 
regulator features such as current limit and 
thermal overload protection are also provided. 

The LM2930 series has low voltage dropout 
making it useful for certain battery applications. 
For example, the low voltage dropout feature 
allows a longer battery discharge before the 
output falls out of regulation; the battery 
supplying the regulator input voltage may 
discharge to 5.6 V and still properly regulate the 
system and load voltage. Supporting this 
feature, the LM2930 series protects both itself 
and the regulated system from reverse battery 
installation or 2-battery jumps. 

Other protection features include line transient 
protection for load-dump of up to 40 V. In this 
case, the regulator shuts down to avoid 
damaging internal and external circuits. The 
LM2930 series regulator cannot be harmed by 
temporary mirror-image insertion. 


D2733 APRIL 1983-REVISED JUNE 1988 
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SILECT PACKAGE 



PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


schematic diagram 



All component values are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage . 

Transient input voltage: t=1s . 

Continuous reverse input voltage. 

Transient reverse input voltage: t = 100 ms. 

Continuous total dissipation (see Note 1) . 

Continuous total dissipation (see Note 1) . 

Operating free-air, case, or virtual junction temperature. 

Storage temperature range . 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


. 26 V 

. 40 V 

. -6 V 

. -12V 

See Dissipation Rating Table 1 
See Dissipation Rating Table 2 

. -40°C to 150 °C 

. -65°C to 150°C 

. 260°C 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variation 
in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated 
at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 1-FREE-AIR TEMPERATURE 


PACKAGE 

T a < 25°C 

DERATING 

DERATE 

T A - 70°C 

POWER RATING 

FACTOR 

ABOVE T A 

POWER RATING 

KC 

2000 mW 

16 mW/°C 

25 °C 

1280 mW 

LP 

775 mW 

6.2 mW/°C 

25 °C 

496 mW 
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LM2930 5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


DISSIPATION RATING TABLE 2-CASE TEMPERATURE 


PACKAGE 

T C <25°C 

DERATING 

DERATE 

T C - 125°C 

POWER RATING 

FACTOR 

ABOVE T C 

POWER RATING 

KC 

20 W 

0.25 W/°C 

70 °C 

6.25 W 

LP 

1 600 mW 

28.6 mW/°C 

94 °C 

715 mW 


recommended operating conditions 


L.__ _ . _ . . . _ __.__ _ _ _ J 

| MIN 

MAX 

UNIT 

'0 

Output current 

1_!50j 

mA 

Tj 

Operating virtual junction temperature 

1 -40 

125 | 

°C 


LM2930-5 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, 
(unless otherwise noted) 



PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, Iq = 5 mA to 1 50 mA, 

Tj = -40°C to 125°C 

4.5 5 5.5 

V 

Input regulation 

Iq = 5 mA 

V| = 9 V to 16 V 

7 25 

mV 

V| = 6 V to 26 V 

30 80 

Ripple rejection 

f = 120 Hz 

56 

dB 

Output regulation 

Iq = 5 mA to 1 50 mA 

14 50 

mV 

Output voltage long-term drift* 

After 1000 h at Tj = 125°C 

20 

mV 

Dropout voltage 

Iq = 150 mA 

0.32 0.6 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

60 

mV 

Output voltage during 
line transients 

V| = -12 V to 40 V, R L — 100 0 

-0.3 5.5 

V 

Output impedance 

Iq = 100 mA, Iq = 10 mA (rms), 100 Hz to 10 kHz 

200 

MQ 

Bias current 

Iq = 10 mA 

4 7 

mA 

Iq = 150 mA 

o 

00 

Peak output current 


150 300 700 

mA 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -/*F capacitor across the input and a 10-/iF capacitor 
across the output. 

*Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is intended to be an engineering 
estimate of the average drift to be expected from lot to lot. 
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LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


LM2930-8 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, l 0 = 5 mA to 1 50 mA, 

Tj = -40°C to 125°C 

7.2 8 8.8 

V 

Input regulation 

Iq = 5 mA 

V| = 9.4 V to 16 V 

12 50 

mV 

V| = 9.4 V to 26 V 

50 100 

Ripple rejection 

f = 120 Hz 

52 

dB 

Output regulation 

lO = 5 mA to 1 50 mA 

25 50 

mV 

Output voltage long-term drift* 

After 1000 h at Tj = 125°C 

30 

mV 

Dropout voltage 

lO = 150 mA 

0.32 0.6 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

90 

„V 

Output voltage during 

line transients 

V| = -12 V to 40 V, R L =100 0 

-0.3 8.8 

V 

Output impedance 

l 0 = 100 mA, l 0 = 10 mA (rms), f = 100 Hz to 10 kHz 

300 

M0 

Bias current 

lO = 10 mA 

4 7 

mA 

I© = 150 mA 

18 40 

Peak output current 


150 300 700 

mA 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1-/iF capacitor across the input and a 10-/*F capacitor 
across the output. 

*Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is intended to be an engineering 
estimate of the average drift to be expected from lot to lot. 


TYPICAL CHARACTERISTICS 
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LM2930-5, LM2930-8 
3 TERMINAL POSITIVE REGULATORS 


TYPICAL CHARACTERISTICS 


LM2930-5 

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 


B 








i 

■ 















_> 

T 









Z 









2 









/ 









/ 

/ 








/ 

/ 








_ L 

/ 









1 










3.0 4.0 5.0 

V|—Input Voltage—V 

FIGURE 3 


RIPPLE REJECTION 
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LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


TYPICAL CHARACTERISTICS 



DROPOUT VOLTAGE 


vs 



0 50 100 150 200 

lO—Output Current—mA 

FIGURE 7 

INPUT CURRENT 


vs 



35 40 45 50 55 


V| —Input Voltage —V 


FIGURE 9 


OUTPUT IMPEDANCE 


vs 
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FIGURE 8 


LINE TRANSIENT RESPONSE 
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LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 

REVERSE INPUT VOLTAGE 
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OUTPUT VOLTAGE 
vs 

REVERSE INPUT VOLTAGE 
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FIGURE 12 


LOAD TRANSIENT RESPONSE 
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LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


TYPICAL CHARACTERISTICS 
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FIGURE 15 


LM2905-5 
BIAS CURRENT 


vs 



0 5 10 15 20 25 30 

V| —Input Voltage —V 
FIGURE 16 


TYPICAL APPLICATION DATA 

LM2930 


V|- 


C1 * 0.1 m F 
(See Note A) 


INPUT 


OUTPUT 


COMMON 



-V 0 

C2 - 10 fiF 
(See Note B) 


NOTES: A. Use of Cl is required if the regulator is not located in close proximity to the supply filter. 

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The 
minimum value required for stability is 10 /iF. The capacitor must be rated for operation at -40°C to guarantee stability to 
that extreme. 


FIGURE 17 
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LM2931-5AQ 

3-TERMINAL POSITIVE VOLTAGE REGULATOR 


• Input-Output Differential Less than 0.6 V 

• Output Current of 150 mA 

• Reverse Battery Protection 

• Very Low Quiescent Current 

• 60-V Load-Dump Protection 


D2828, AUGUST 1988-REVISED OCTOBER 1988 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Reverse Transient Protection 

• Direct Improved Replacement for National 
LM2931-5 and LM2931A-5 


LP 

SILECT PACKAGE 


SMALL OUTLINE PACKAGE 


KC PACKAGE 



(TOP VIEW) 



(TOP VIEW) 


OUTPUT C 
COMMON C 
COMMON C 
NC C 


U INPUT 
H COMMON 
3 COMMON 
U NC 


(TOP VIEW) 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 




description 

The LM2931-5AQ is a 3-terminal positive voltage regulator that provides a 5-V regulated output. It features 
the ability to source 150 mA of output current with an input-output differential of 0.6 V or less. Familiar 
regulator features such as current limit and thermal overload protection are also provided. 

This device also has a low dropout voltage making it useful for certain battery applications. For example, 
because the low dropout voltage allows a longer battery discharge before the output falls out of regulation, 
the battery supplying the regulator input voltage may discharge to 5.6 V and still properly regulate the 
5-V load voltage. Supporting this feature, the LM2931-5AQ protects both itself and the regulated system 
from reverse battery installation or 2-battery jumps. The very low quiescent current feature is especially 
useful in battery-powered applications. 

Other protection features include line transient protection from load-dump of up to 60 V. In this case, the 
regulator shuts down to avoid damaging internal and external circuits. The LM2931-5AQ regulator is virtually 
immune to temporary mirror-image insertion. 

The Q suffix indicates that the device is characterized for operation from -40°C to 125°C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LM2931-5AQ 

3-TERMINAL POSITIVE VOLTAGE REGULATOR 


absolute maximum ratings over operating junction temperature range (unless otherwise noted) 



Continuous input voltage. 26 V 

Transient input voltage: t = Is. 60 V 

Continuous reverse input voltage. -15V 

Transient reverse input voltage: t = 100 ms. -50 V 

Continuous total dissipation (see Note 1). See Dissipation Rating Tables 1 and 2 

Operating virtual junction temperature. -40°C to 125°C 

Storage temperature range . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260°C 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variation 
in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated 
at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 


PACKAGE 

T A < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE T A - 25 °C 

T A - 125°C 
POWER RATING 

D 

825 mW 

6.6 mW/°C 

165 mW 

KC 

2000 mW 

16 mW/°C 

400 mW 

LP 

775 mW 

6.2 mW/°C 

155 mW 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE 


PACKAGE 

T C < 25 °C 
POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE T C 

T C - 125°C 
POWER RATING 

D 

1600 mW 

29.4 mW/°C 

96 °C 

735 mW 

KC 

20 W 

0.18 W/°C 

39 °C 

4.5 W 

LP 

1600 mW 

28.6 mW/°C 

94 °C 

715 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Output current, Iq 

150 

mA 

Operating virtual junction temperature, Tj 

-40 125 

°C 


electrical characteristics at 25 °C virtual junction temperature, V| = 14 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, Iq < 150 mA, 

Tj = -40°C to 125 °C 

4.75 5 5.25 

V 

Input regulation 

Iq = 10 mA 

V| = 9 V to 16 V 

2 10 

mV 

V| = 6 V to 26 V 

4 30 

Ripple rejection 

l 0 = 10 mA, f = 120 hz 

o 

00 

o 

<o 

dB 

Output regulation 

Iq = 5 mA to 150 mA 

14 50 

mV 

Output voltage long-term drift * 

l 0 = 10 mA, After 1000 h at Tj = 125°C 

20 

mV 

Dropout voltage 

Iq = 10 mA 

0.05 0.2 

V 

Iq = 150 mA 

0.3 0.6 

Output noise voltage 

Iq = 10 mA, f = 10 Hz to 100 kHz 

500 

/tV rms 

Bias current 

V| = 6 V to 26 V, lo = 10 mA, 

Tj = = -40°C to 125°C 

0.4 1 

mA 

V, = 14 V, Iq = 150 mA, Tj = 25°C 

10 12 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -fiF capacitor across the input to common and a 100-/iF 
capacitor, with equivalent series resistance of less then 1 12, across the output to common. 

* Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee 
or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 

_ D3190, JANUARY 1989 

• Initial Accuracy ... 

±4 mV for LT1004-1.2 
±20 mV for LT1004-2.5 

• Micropower Operation 

• Operates Up to 20 mA 

• Very Low Reference Impedance 

• Applications: 

Portable Meter References 
Portable Test Instruments 
Battery Operated Systems 
Current-Loop Instrumentation 

ascription 

The LT1004 micropower voltage references are 
two-terminal bandgap reference diodes 
designed to provide high accuracy and excellent 
temperature characteristics at very low operating 
currents. Optimizing the key parameters in the 
design, processing, and testing of the devices 
results in specifications previously attainable 
only with selected units. 

The LT1004 is a pin-for-pin replacement for the 
LM185 series of references with improved 
specifications. The LT1004 is an attractive device 
for use in systems in which accuracy was 
previously attained at the expense of power 
consumption and trimming. 

The LT1004M is characterized for operation over 
the full military temperature range of -55°C 
to 125°C. The LT1004C is characterized for 
operation from 0°C to 70°C. 

AVAILABLE OPTIONS 

r~ T~~ F * " PACKAGE 


Ta 

NOM 

V z 

SMALL OUTLINE 

METAL CAN 

PLASTIC 



(D) 

(LD) 

(LP) 

o°c 

1.2 V 

LT1004CD-1.2 

LT1004CLD-1.2 

_ 

LT1004CLP-1.2 

to 

70°C 

2.5 V 

LT1004CD-2.5 

LT1004CLD-2.5 

LT1004CLP-2.5 

-55°C 

1.2 V 


LT1004MLD-1.2 


to 

125°C 

2.5 V 


LT1004MLD-2.5 



The D package is available taped and reeled. Add suffix R to the device type (i.e., 
LT1004CDR0. 



PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 






LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


absolute maximum ratings over operating free-air temperature range 


Reverse current. 30 mA 

Forward current. 10 mA 

Operating free-air temperature range: LT1004M. ~55°Cto125°C 

LT1004C. 0°C to 70°C 

Storage temperature range. -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package. 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LD package . 300°C 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

Ta+ 

LT1004-1.2 

LT1004-2.5 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V z Reference voltage 

l z = 100 |iA, 

See Note 1 

25°C 

1.231 1.235 1.239 

2.48 2.5 2.52 

V 

0°C to 70°C 

1.225 1.245 

2.47 2.53 

—55°C to 125°C 

1.22 1.245 

2.46 2.535 

Average temperature 
a\jz coefficient of reference 

voltage* 

l z — 10 pA 

25°C 

20 


ppm/°C 

l z = 20 pA 


20 

AV Change in reference 

z voltage with current 

l z = 10 pA to 1 mA 

25°C 

1 

1 

mV 

Full range 

1.5 

1.5 

l z = 1 mA to 20 mA 

25°C 

10 

10 

Full range 

20 

20 

AV /At Long-term change in 
z/ reference voltage 

l z = 100 pA 

25°C 

20 

20 

ppm/khr 

■ Minimum reference 

Z(min) current 


Full range 

8 10 

12 20 

pA 

Z z Reference impedance 

l z = 100 pA 

25°C 

0.2 0.6 

CD 

O 

CM 

o 

n 

Full range 

1.5 

1.5 

v Broadband noise 

n voltage 

l z = 100 pA, 
f = 10 Hz to 10 kHz 

25°C 

60 

120 

pV 


t Full range is -55°C to 125°C for the LT1004M and 0°C to 70°C for the LT1004C. 

* The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified 
temperature range. 

NOTE 1: The 0°C to 70°C limits apply for both M- and C-suffix devices. The -55°C to 125°C limits apply only for M-suffix devices. 
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LT1004-1.2 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 



TYPICAL CHARACTERISTICS! 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 

Vr—R everse Voltage—V 
FIGURE 1 



0.01 0.1 1 10 100 


REFERENCE VOLTAGE CHANGE 


vs 



0.01 0.1 1 10 100 


Ir —Reverse Current—mA 
FIGURE 2 

REFERENCE VOLTAGE 


vs 



-55-35-15 5 25 45 65 85 105 125 


Ip—Forward Current—mA 


Ta~F ree-Air Temperature— °C 


FIGURE 3 


FIGURE 4 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1004.-1.2 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


TYPICAL CHARACTERISTICS 


REFERENCE IMPEDANCE 


VS 



0.01 0.1 1 10 100 
l z —Reference Current—mA 
FIGURES 
NOISE VOLTAGE 


vs 



10 100 Ik 10 k 100 k 

f—Frequency —Hz 
FIGURE 7 


REFERENCE IMPEDANCE 


vs 



0.01 0.1 1 10 100 1000 


f—Frequency—kHz 
FIGURE 6 

OUTPUT NOISE VOLTAGE 


vs 



0.1 1 10 100 
f—Cutoff Frequency—kHz 
FIGURE 8 
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LT1004-2.5 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


TYPICAL CHARACTERISTICSt 




0.5 1 1.5 2 2.5 

Vr—R everse Voltage—V 

FIGURE 9 



0.01 0.1 1 10 
Ip—Forward Current—mA 
FIGURE 10 


100 


REFERENCE VOLTAGE 


vs 



-55-35 -15 5 25 45 65 85 105 125 


Ta—F ree-Air Temperature— °C 

FIGURE 11 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1004-2.5 

MICR0P0WER INTEGRATED VOLTAGE REFERENCE 


TYPICAL CHARACTERISTICS 

REFERENCE IMPEDANCE REFERENCE IMPEDANCE. 


vs 



0.01 0.1 1 10 100 


l z — Reference Current — mA 
FIGURE 12 

NOISE VOLTAGE 


vs 



10 100 Ik 10 k 100 k 


vs 



0.01 0.1 1 10 100 1000 


f—Frequency—kHz 
FIGURE 13 

FILTERED OUTPUT NOISE VOLTAGE 


vs 



0.1 1 10 100 



f—Frequency —Hz f—Cutoff Frequency —kHz 

FIGURE 14 FIGURE 15 
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Input and Output Voltages— 


LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


TYPICAL CHARACTERISTICS 


LT1004-1.2 

TRANSIENT RESPONSE 



t—Time—/ts 
FIGURE 16 


LT1004-2.5 


TRANSIENT RESPONSE 



100 500 


t—Time—/ts 
FIGURE 17 
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LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


TYPICAL APPLICATION DATA 

100 pF 



- 600 /is RC 


10 kfl 

“UTtl INPUT 


-5 V 

' 1 % metal film resistors 


FIGURE 18. Vpp GENERATOR FOR EPROMS (NO TRIM REQUIRED) 

NETWORK DETAIL 
YSI 44201 

f ~1 BRN 


Rj Network 
YSI 44201 


0.1% ® 
10 k G 


2765 0 


’^N-J 

0.1% | 

r~ 

LT1002^> f 



i 

0.1% 

WUQ 


d 


T 6250 0^1 
|J3.2 koTj 


1/2^Ss 0-10 V 

LT1002X* J o— 100°C 


I 0.1% 

168.3 < lOkfi 

0.1% > 


FIGURE 19. 0°C TO 100°C LINEAR OUTPUT THERMOMETER 
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LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


TYPICAL APPLICATION DATA 



FIGURE 20. MICROPOWER 5-V REFERENCE 



FIGURE 21. LOW-NOISE REFERENCE 


9 v 



FIGURE 22. MICROPOWER REFERENCE FROM 
9-V BATTERY 



t Quiescent current = 15 /*A J 233 kO 

* Yellow Springs Inst. Co., Part #44007 K 299 kQ 

NOTE: This application compensates within ± 1 °C from 0°C T 300 kO 

to 60°C. 3 2.1 MO 

FIGURE 23. MICROPOWER COLD-JUNCTION 
COMPENSATION FOR THERMOCOUPLES 
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LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


TYPICAL APPLICATION DATA 



FIGURE 24. 2.5-V REFERENCE FIGURE 27. HIGH-STABILITY 5-V REGULATOR 



FIGURE 25. GROUND-REFERENCED CURRENT FIGURE 28. AMPLIFIER WITH CONSTANT GAIN 

SOURCE OVER TEMPERATURE 



FIGURE 26. 1.2-V REFERENCE FROM 1.5-V FIGURE 29. 2-TERMINAL CURRENT SOURCE 

BATTERY WITH LOW TEMPERATURE COEFFICIENT 
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LT1004 

MICROPOWER INTEGRATED VOLTAGE REFERENCE 


2 


D 


TYPICAL APPLICATION DATA 



t R1 sets trip point, 60.4 kQ per cell for 1.8 V per cell. 

FIGURE 30. LEAD-ACID LOW-BATTERY-VOLTAGE DETECTOR 



0.015 


FIGURE 31. VARIABLE-VOLTAGE SUPPLY 
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LT1009 

2.5-V INTEGRATED REFERENCE CIRCUIT 


■ _ D3191, MAY 1987-REVISED JANUARY 1989 

■ • Excellent Temperature Stability ltioo9m. ltioo9C ... ld package 

I • Initial Tolerance ... 0.2% Max 
I • Dynamic Impedance ...0.60 Max 
I • Wide Operating Current Range 

• Directly Interchangeable with LM136 

• Needs No Adjustment for Minimum The anode is in electrical contact with the case 

Temperature Coefficient 

description 

The LT1009 is a precision trimmed 2.5-V shunt 
regulator featuring a maximum initial tolerance of 
only ±5 mV, low dynamic impedance, and a 
wide operating current range. The 0.2% 
reference tolerance is achieved by on-chip 
trimming, which minimizes the initial voltage 
tolerance and the temperature coefficient a V z- 

Even though the LT1009 needs no adjustments, 
a third terminal allows the reference voltage to be 

adjusted 5% to eliminate system errors. In many adj 

applications, the LT1009 can be used as a pin- 
for-pin replacement for the LM136H-2.5, which 
eliminates the external trim network. 

The uses of the LT1009 include a 5-V system 
reference, an 8-bit ADC and DAC reference, or a 
power supply monitor. The LT1009 can also be 
used in applications such as digital voltmeters 
and current-loop measurement and control 
systems. 

The LT1009M is characterized for operation over 
the full military temperature range of -55°C 
to 125°C. The LT1009C is characterized for 
operation from 0°C to 70°C. 


LT1009C . . . LP PACKAGE 
(TOP VIEW) 




symbol 


(TOP VIEW) 



CATHODE 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LT1009 

2.5-V INTEGRATED REFERENCE CIRCUIT 


absolute maximum ratings over operating free-air temperature range 


Reverse current. 20 mA 

Forward current. 10 mA 

Operating free-air temperature range: LT1009M. -55°Cto125°C 

LT1009C. 0°C to 70°C 

Storage temperature range. -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package. 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LD package . 300°C 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

t a + 

LT1009M 

LT1009C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V z Reference voltage 

l z = 1 mA 

25°C 

2.495 2.5 2.505 

2.495 2.5 2.505 

V 

AV Change in reference 

av z(temp) voltage with temperature 


MIN to MAX 

15 

4 

mV 

Average temperature 
a vz coefficient of reference 

voltage* 


0°C to 70°C 

15 25 

15 25 

ppm/°C 

—55°C to 125°C 

25 35 


AV Change in reference 

z voltage with current 

l z = 400 pA to 10 mA 

25°C 

CO 

CO 

C\j 

2.6 10 

mV 

Full range 

10 

12 

AV /At Long-term change in 

z/m reference voltage 

l z = 1 mA 

25°C 

20 

20 

ppm/khr 

Z z Reference impedance 

l z = 1 mA 

25°C 

CO 

o 

CO 

o 

0.3 1 

a 

Full range 


1.4 


t Full range is -55°C to 125°C for the LT1009M and 0°C to 70°C for the LT1009C. 

£ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified 
temperature range. 
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LT1009 

2.5-V INTEGRATED REFERENCE CIRCUIT 


TYPICAL CHARACTERISTICSt 


2.53 


2.52 



2.51 


2.5 


2.49 


2.48 


2.47 


REFERENCE VOLTAGE 
vs 

FREE-AIR TEMPERATURE 


— 

I 2 “ 

1 mA 

































\ 









-50 -25 0 25 50 75 100 125 

Ta—F ree-Air Temperature — °C 

FIGURE 1 


CHANGE IN REFERENCE VOLTAGE 
vs 



8 12 
-Reference Current - 

FIGURE 2 


16 

mA 


20 



0.6 1.0 1.4 1.8 2.2 

Vr—R everse Voltage —V 

FIGURE 3 


2.6 



0.001 0.01 0.1 1 
Ip—Forward Current —mA 

FIGURE 4 


10 


t Data at the high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1009 

2.5-V INTEGRATED REFERENCE CIRCUIT 



TYPICAL CHARACTERISTICS 

REFERENCE IMPEDANCE 

VS 

FREQUENCY 


NOISE VOLTAGE 
vs 

FREQUENCY 


0.1 1 10 
f—Frequency—kHz 


— 

I z - 1 mA 
Tj - 25 °( 




\ 




v 




\ 




X 

















10 100 Ik 10 k 1C 

f—Frequency — Hz 
FIGURE 6 
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t —Time— 
FIGURE 7 
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2.5-V INTEGRATED REFERENCE CIRCUIT 


2 


TYPICAL APPLICATION DATA 



t Does not affect temperature coefficient. Provides ±5% trim range. 

FIGURE 8. 2.5-V REFERENCE 


3.6 V TO 40 V 



FIGURE 9. ADJUSTABLE REFERENCE WITH WIDE-SUPPLY RANGE 


LT317 



FIGURE 10. POWER REGULATOR WITH LOW TEMPERATURE COEFFICIENT 
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| LTC1044 

I SWITCHED-CAPACITOR VOLTAGE CONVERTER 

I_ D3193, JANUARY 1989 

I • Plug-In Compatible with the 7660 with 
I These Additional Features: 

I • Operation to 9 V Over Full Temperature 
I Range with No External Protection 

Diodes 

' • Boost Pin for Higher Switching 

Frequency 

• 2 1/2 Times Lower Quiescent Power 

• Efficient Voltage Doubler 

• No-Load Supply Current at 
5 V ... 200 pA Max 

• Open-Circuit Voltage Conversion 
Efficiency ... 97% Min 

• Power Conversion Efficiency ... 95% Min 

• Operating Supply Voltage Range ... 1.5 V 
to 9 V 

• Commercial Device Operates from -40°C 
to 85°C 

description 

The LTC1044 is a monolithic CMOS switched-capacitor voltage converter manufactured using CMOS silicon- 
gate technology. The LTC1044 provides several voltage conversion functions; the input voltage can be 
inverted (Vo = —V|), doubled (Vo = 2V|), divided (Vo = V|/2), or multiplied (Vo = ±nV|). 

Designed to be pin-for-pin and functionally compatible with the 7660, the LTC1044 offers significant new 
design and performance advantages while still maintaining compatibility with existing 7660 designs. 

The LTC1044M is characterized for operation over the full military temperature range of -55°C to 125°C. The 
LTC1044C is characterized fpr operation from -40°C to 85°C. 



PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily incluue testing of all parameters. 
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LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 



absolute maximum ratings over operating free-air temperature ranget 

Supply voltage, Vdd. 9.5 V 

Input voltage range (pins 1, 6, and 7, see Note 1).-0.3 V to Vdd + 0-3 V 

Input current, l| (pin 6) . 20 pA 

Duration of output short circuit (Vcc+ ^ 5.5 V). unlimited 

Operating free-air temperature range: LTC1044M. -55°C to 125°C 

LTC1044C. -40°C to 85°C 

Storage temperature range. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package. 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package . 260°C 

L package. 300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings 
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating 
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 




LTC1044M 

LTC1044C 

UNIT 



MIN 

MAX 

MIN 

MAX 

VDD 

Supply voltage (R[_ = 10 kfl, see Note 1) 

1.5 9 

1.5 

9 

V 

V| 

Input voltage (pins 1, 6, and 7, see Note 2) 

-0.3 Vdd+0.3 

-0.3 Vq D +0.3 

V 

Ta 

Operating free-air temperature 

-55 

125 

-40 

85 

°c 


NOTES: 1. The LTC1044 operates with alkaline, mercury, or NiCad 9-V batteries, even when the initial battery voltage is slightly higher than 9 V. 
2. Connecting any input terminal to voltages substantially greater than Vqd or less than ground may cause destructive latch-up. It is 
recommended that no inputs from sources operating from external supplies be applied prior to power-up of the LTC1044. 
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LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 


electrical characteristics at specified free-air temperature, Vdd = 5 V (unless otherwise noted, see 
Figure 1) 


PARAMETER 

TEST CONDITIONS 

t a + 

LTC1044M 

LTC1044C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

r 0 Output resistance 

lO = 20 mA, f 0S c = 5 kHz 

25°C 

100 

100 

n 

Full range 

150 

130 

VDD = 2 V, l L = 3 mA, f osc = 1 kHz 

Full range 

400 

325 

fosc Oscillator frequency 

Vqd = 5 V, C osc = 1 pF, See Note 3 

Full range 

5 

5 

kHz 

V DD = 2 V, C osc = 1 pF, See Note 3 

1 

1 

Tp Power efficiency 

R|_ = 5 kfl, f 0 sc = 5 kHz 

25°C 

95 98 

95 98 

% 

Voltage conversion 
nvo efficiency 

R L = 00 

25°C 

97 99.9 

97 99.9 

% 

( Oscillator sink or 

osc source current 

v osc = 0 or Vqq, Pin 1 at 0 V 

Full range 

3 

3 

HA 

Vosc = 0 or Vpp, Pin 1 at Vqd 

20 

20 

Iqd Supply current 

Rl = oo, Pins 1 and 7 no connection 

25°C 

60 20cT 

60 200 

ha 

R|_ = oo, Pins 1 and 7 Vqd = 3 V 

20 

20 


t Full range is -55°C to 125°C for the LTC1044M and -40°C to 85°C for the LTC1044C. 

NOTE 3: f osc is tested with C osc at 100 pF to minimize the effects of test fixture capacitance loading. The 1 -pF frequency is correlated to this 
100-pF test point and is intended to simulate the capacitance at pin 7 when the device is plugged into a test socket and no external 
capacitor is used. 


PARAMETER MEASUREMENT INFORMATION 

V DD * 5 V 



FIGURE 1. TEST CIRCUIT 
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LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL CHARACTER ISTICSt 


SUPPLY CURRENT 

VS 

SUPPLY VOLTAGE 



400 

360 

< 

f 320 
c 


£ 280 


3 

U 240 


3 


c 200 

o 

T3 

0) 

rHK 

§ 160 
i 

0) 

o 


Z 120 

c/> 

1 

3" 

Q 80 

CD 

Q 

CD 

40 

c/> 



Rl 


» 


























I 










j 









J 

' 









7 









/ 

7 








y 

/ 









y 







3 









2 3 4 5 6 7 8 

VcC - Supply Voltage —V 

FIGURE 2 


10 


OUTPUT RESISTANCE 


vs 



Ta—F ree-Air Temperature — °C 
FIGURE 4 


OUTPUT RESISTANCE 


vs 



0 1 2345678 9 10 

V D D-Supply Voltage —V 

FIGURE 3 

OUTPUT RESISTANCE 


vs 



f O sc~0 sc 'H ator Frequency —kHz 
FIGURE 5 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the two devices. 
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LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL CHARACTERISTICSt 


OSCILLATOR FREQUENCY 


VS 



1 pF 10 pF 100 pF 1 nF 10 nF 
Cose-External Capacitor 
(Pin 7 to Ground) 


FIGURE 6 


OSCILLATOR FREQUENCY 
vs 

FREE-AIR TEMPERATURE 



T A —Free-Air Temperature — °C 


100 


OSCILLATOR FREQUENCY 
vs 

SUPPLY VOLTAGE 


PIN 1 OPEN 

c ose “ 0 
T A = 25°C 




FIGURE 7 

POWER CONVERSION EFFICIENCY 


vs 

OSCILLATOR FREQUENCY 



FIGURE 8 


FIGURE 9 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the two devices. 
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LTC1044 

SWITCHED-CAPACiTOR VOLTAGE CONVERTER 


TYPICAL CHARACTERISTICS 


POWER CONVERSION EFFICIENCY 
and SUPPLY CURRENT 
vs 

OUTPUT CURRENT 


100 
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vp 

/ 
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•dd 
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DD = 

2 V 


/ 



^osc ~ 1 

Cl = C2 - 10 fiF 

/ 



T A = 25°C 

_1_1_1_ 
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8 

< 
7 f 
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io~ 


3 4 5 

Output Current — mA 

FIGURE 10 


OUTPUT VOLTAGE 
vs 



3 4 5 6 7 

Iq —Output Current- 

FIGURE 12 


8 

mA 


POWER CONVERSION EFFICIENCY 
and SUPPLY CURRENT 
vs 

OUTPUT CURRENT 


4 a 


</) 
3 I 
o 

2 — 



FIGURE 11 


OUTPUT VOLTAGE 
vs 



9 10 
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Iq —Output Current— mA 


FIGURE 13 
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LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 


theory of operation 

To understand the theory of operation of the LTC1044, a review of a basic switched-capacitor building block is 
helpful. In Figure 14, when the switch is in the left position, capacitor Cl charges to voltage VI. The total 
charge on Cl is ql = Cl • VI. The switch then moves to the right, discharging Cl to voltage V2. After this 
discharge time, the charge on Cl is q2 = Cl • V2. Note that charge has been transferred from the source, VI, 
to the output, V2. The amount of charge transferred is calculated as follows: 


Aq = ql - q2 = Cl (VI - V2). 

If the switch is cycled f times per second, the charge transfer per unit time (i.e., current) is calculated as 
follows: 

I = f x Aq = f x Cl (VI - V2). 



Rewriting in terms of voltage and impedance equivalence, 


VI - V2 VI - V2 
~ (1/fC1) " Req 

where R e q is defined as R e q = 1/fC1. The equivalent circuit for the switched-capacitor network is shown in 
Figure 15. 



FIGURE 14. SWITCHED-CAPACITOR FIGURE 15. SWITCHED-CAPACITOR 

BUILDING BLOCK EQUIVALENT CIRCUIT 

Examination of Figure 16 shows that the LTC1044 has the same switching action as the basic switched- 
capacitor building block, with the addition of finite switch on-state resistance and output voltage ripple. 

The simple theory, although not exact, helps illustrate how the device operates. For example, it explains how 
the LTC1044 behaves in Figure 9. The loss, and hence the efficiency, is determined by the output impedance. 
As frequency is decreased, the output impedance is eventually dominated by the 1/fC1 term, and power 
efficiency drops. Figure 9 shows this effect for various capacitor values. 

Note also that power efficiency decreases as frequency increases. This is caused by internal switching losses 
that occur because some finite charge is lost in each switching cycle. This charge loss per unit cycle, when 
multiplied by the switching frequency, becomes a current loss. At high frequency, this loss becomes 
significant, and the power efficiency starts to decrease. 
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SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 


VpD 



FIGURE 16. LTC1044 SWITCHED-CAPACITOR VOLTAGE CONVERTER BLOCK DIAGRAM 
LV (pin 6) 

The internal logic of the LTC1044 runs between Vqd and LV (pin 6). For Vqd > 3 V, an internal switch shorts 
LV to GND (pin 3). The LV pin can be tied to ground or left floating. For Vqd ^ 3 V, the LV pin should be tied to 
GND. 

OSC (pin 7) and BOOST (pin 1) 

The switching frequency can be raised, lowered, or driven from an external source. Figure 17 shows a 
functional diagram of the oscillator circuit. By connecting the boost pin (pin 1) to Vqd. the charge and 
discharge current is increased, thereby increasing the frequency by a factor of approximately 7. Increasing 
the frequency decreases output impedance and ripple for higher load currents. Loading pin 7 with more 
capacitance lowers the frequency. Using the boost pin (pin 1) in conjunction with external capacitance on 
pin 7 allows the user to select the frequency over a wide range. 

Driving the LTC1044 from an external frequency source can easily be achieved by driving pin 7 and leaving 
the boost pin open, as shown in Figure 18. The output current from pin 7 is small, typically 0.5 pA, so a logic 
gate can drive this current. Using a CMOS logic gate is preferable because it can operate over a wide supply 
voltage range (3 V to 15 V) and has enough voltage swing to drive the internal Schmitt trigger shown in 
Figure 17. For 5-V applications, a TTL logic gate can be used by simply adding an external pull-up resistor 
(see Figure 18). 
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SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 


V DD 

1 ( 8 ) 



FIGURE 17. OSCILLATOR 

VDD( + ) 



2 


FIGURE 18. EXTERNAL CLOCKING 


external diode (D x ) 

Previous circuits of this type have required a diode between Vo (pin 5) and the external capacitor C2 for 
voltages above 6.5 V (5 V for military temperature range). The improvements in the LTC1044 circuit design 
and Texas Instruments LinCMOS™ silicon-gate process have eliminated the need for this diode. The 
LTC1044 operates from 1.5 V to 9 V without the protection diode over all temperature ranges. The LTC1044 
will operate without any problems in existing LTC7660 designs that use the protection diode as long as the 
maximum recommended supply voltage of 9 V is not exceeded. 


LinCMOS is a trademark of Texas Instruments Incorporated. 
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LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 


capacitor selection 

External capacitors Cl and C2 are not critical. They do not have to be high quality or have tight tolerance, nor 
is matching required. Aluminum or tantalum electrolytics are excellent choices, with cost and size being the 
only consideration. 


negative voltage converter 


2 


Figure 19 shows a typical connection that provides a negative supply from an available positive supply. This 
circuit operates over full temperature and power supply ranges without the need for external diodes. The LV 
pin (pin 6) is shown grounded, but for Vdd ^ 3 V, it may be floated, since LV is internally switched to ground 
(pin 3) for Vdd ^ 3 V. 

The output voltage (pin 5) characteristics of the circuit are those of a nearly ideal voltage source in series with 
an 80-0 resistor. The 80-fi output impedance is composed of two terms—the equivalent switched-capacitor 
resistance (see Theory of Operation) and a term related to the on-state resistance of the MOS switches. At an 
oscillator frequency of 10 kHz and Cl = 10 pF, the first term is: 


H (fosc/2) x Cl 5 x 103 x 10 x 10~6 

Notice that the equation for R e q is not a capacitive reactance equation (Xq = 1 AoC) and does not contain a 2tt 
term. While the exact expression for output impedance is extremely complex, the dominant effect of the 
capacitor is clearly shown in the typical curves of output impedance and power efficiency versus frequency. 
For Cl = C2 = 10 pF, the output impedance goes from 60 Cl at f 0 sc = 10 kHz to 200 Cl at f Q sc = 1 kHz. As the 
1/fC term becomes large compared to the switch on-state resistance term, the output resistance is 
determined by 1/fC only. 


V DD (1.5 v TO 9 V) 



voltage doubling 

Figure 20 illustrates two methods of voltage doubling. In Figure 20(a), doubling is achieved by simply 
rearranging the connection of the two external capacitors. When the input voltage is less than 3 V, an external 
1-MO resistor is required to ensure that the oscillator starts; it is not required for higher input voltages. 

In this application, the ground input (pin 3) is taken above Vdd (pin 8) during power-on, making it prone to 
latch-up. The latch-up, while not destructive, prevents the circuit from doubling. Resistor R1 is added to 
eliminate this problem; in most cases, 200 Cl is sufficient. It may be necessary in a particular application to 
increase this value to guarantee start-up. The voltage drop across R1 is Vri = 2 x |q x R2. If this voltage 
exceeds two diode drops (1.4 V for silicon, 0.8 V for Schottky), the circuit in Figure 20(a) is recommended 
because it will never have a start-up problem. 
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SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 

Vj (1.5 V TO 9 V) 



V| 

(1.5 V TO 9 V) 



FIGURE 20. VOLTAGE DOUBLER 


ultra-precision voltage divider 

An ultra-precision voltage divider is shown in Figure 21. To achieve the 0.0002% accuracy indicated, the load 
current should be kept below 100 nA. However, with a slight loss in accuracy, the load current can be 
increased. 

V DD (3 V TO 18 V) 



FIGURE 21. ULTRA-PRECISION VOLTAGE DIVIDER 
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SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 


battery splitter 

Obtaining positive and negative supplies from a single battery or single power supply is a common need in 
many systems. Where current requirements are small, the circuit shown in Figure 22 is a simple solution. It 
provides symmetrical positive and negative output voltages, both equal to one half the input voltage. The 
output voltages are both referenced to pin 3 (output common). If the input voltage between pin 8 and pin 5 is 
less than 6 V, pin 6 should also be connected to pin 3, as shown by the dashed line. 




FIGURE 22. BATTERY SPLITTER 


paralleling for lower output resistance 

Figures 23, 24, and 25 illustrate the flexibility of the LTC1044. Figure 23 shows two LTC1044s connected in 
parallel to provide a lower effective output resistance. If, however, the output resistance is dominated by 
1/fC1, increasing the size of Cl or increasing the frequency is more beneficial than the paralleling circuit 
shown. 


V DD 



FIGURE 23. PARALLELING FOR LOWER OUTPUT RESISTANCE 
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LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 

figures 24 and 25 "stack" two LTC1044s to provide even higher voltages. As shown schematically in 
(igure 24, a negative voltage doubler or tripler can be achieved depending upon how pin 8 of the second 
LTC1044 is connected. Figure 25 illustrates a similar circuit that can be used to obtain positive tripling, or even 
quadrupling [the doubler circuit appears in Figure 20(a)]. In both of these circuits, the available output current 
is a function of the product of the individual power conversion efficiencies and the voltage step-up ratio. 

Vdd 



1N914 



FIGURE 25. VOLTAGE TR1PLER/QUADRUPLER 


Texas ^ 
Instruments 


POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 


Data Sheets 






Data Sheets 


LTC1044 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 


TYPICAL APPLICATION DATA 



FIGURE 26. SINGLE 5-V STRAIN GAUGE BRIDGE SIGNAL CONDITIONER 


2-1.2 V CELLS 


-±- Cl 1 + 

t" 10 »f'T' 


E 

-E 

-E 

-E 


TZ7- 


-v 0 


3 *DD 

(See Note) 

5H 

1} 


CMOS 

LOGIC 

NETWORK 


C2 dr 

NOTE: Supply current Iqd * 3 /xA. 10 

FIGURE 27. GENERATING CMOS LOGIC SUPPLY FROM 2 MERCURY BATTERIES 
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MC3423 

OVERVOLTAGE-SENSING CIRCUIT 


I D2439, APRIL 1978-REVISED MARCH 1988 

• Separate Outputs for “Crowbar” and Logic 
Circuitry 

• Programmable Time Delay to Eliminate 
Noise Triggering 

• TTL-Level Activation Isolated from Voltage- 
Sensing Inputs 

• 2.6-Volt Internal Voltage Reference with 
Temperature Coefficient Typically 0.08%/°C 

description 

The MC3423 overvoltage-sensing circuit is designed to protect sensitive electronic circuitry by monitoring 
the supply rail and triggering an external “crowbar” SCR in the event of a voltage transient or loss of 
regulation. The protective mechanism may be activated by an overvoltage condition at the Sense 2 input 
or by application of a TTL high level to the Remote Activate terminal. Separate outputs are available to 
trigger the crowbar circuit and to provide a logic pulse to indicator or power supply control circuitry. The 
Sense 2 input provides a direct control of the output circuitry. The Sense 1 input controls an internal current 
source that may be utilized to implement a delayed trigger by connecting its output to an external capacitor 
and the Sense 2 input. This protects against false triggering due to noise at the Sense 1 input. 

The MC3423 is characterized for operation from 0°C to 70°C. 

functional block diagram 

Vcc 



ACTIVATE OUTPUT 


D. JG, OR P PACKAGE 
(TOP VIEW) 

vccdi U ah out 

SENSE IQ 2 7]V EE 

sense 2C 3 6 Hind out 

CURR SOURCE Q4 5 □ REMOTE ACTIVATE 
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MC3423 

OVERVOLTAGE-SENSING CIRCUIT 


absolute maximum ratings 


2 


Supply voltage, Vcc (see Note 1). 40 V 

Sense 1 voltage. 6.5 V 

Sense 2 voltage. 6.5 V 

Remote activate input voltage. 7 V 

Output current, lo. 300 mA 

Continuous total dissipation: . See Dissipation Rating Table 

Operating free-air temperature range. 0°C to 70 °C 

Storage temperature range . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package. 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package. 300 °C 


NOTE 1: Voltage values are measured with respect to the terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE T A - 25 °C 

T A - 70 °C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

JG 

825 mW 

6.6 mW/°C 

528 mW 

P 

1000 mW 

8.0 mW/°C 

640 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vcc 

4.5 40 

V 

High-level input voltage, remote activate input 

2 

V 

Low-level input voltage, remote activate input 

0.5 

V 


electrical characteristics over operating free-air temperature range, Vqc - 5 V to 36 V (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Output voltage 

Remote Activate at 2 V, 

Iq = 100 mA 

Vcc-2.2 Vcc-1-8 

V 

Indicator low-level output voltage 

Remote Activate at 2 V, 

Iq = 1-6 mA 

0.1 0.4 

V 

Threshold voltage of either sense input 

T A = 25°C 

2.45 2.6 2.75 

V 

Temperature coefficient of input threshold voltage 


0.06 

%/°c 

Source current (pin 4) 

Sense 1 at 3 V, Pin 4 at 1.3 V 

0.1 0.22 0.3 

mA 

High-level input current, Remote Activate input 

Vcc = 5 V, V| = 2 V 

5 40 

„A 

Low-level input current. Remote Activate input 

Vcc = 5 V, V ( = 0.8 V 

O 

00 

l 

o 

CM 

mA 

Supply current 

Outputs open 

6 10 

mA 

Propagation delay time, Remote Activate input to output 

T A = 25°C 

0.5 

MS 

Output current rate of rise 

T A = 25 °C 

400 

mAI/is 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


■ • 3-Terminal Regulators 
I • Output Current Up to 100 mA 
I • No External Components Required 
I • Internal Thermal Overload Protection 

• Internal Short Circuit Current Limiting 

• Direct Replacement for Motorola 
MC79L00 Series 

• Available in 5% or 10% Selections 

description 

This series of fixed-voltage monolithic 
integrated-circuit voltage regulators is designed 
for a wide range of applications. These include 
on-card regulation for elimination of noise and 
distribution problems associated with single¬ 
point regulation. In addition, they can be used 
to control series pass elements to make high- 
current voltage-regulator circuits. One of these 
regulators can deliver up to 100 mA of output 
current. The internal current-limiting and 
thermal-shutdown features make them 
essentially immune to overload. When used as 
a replacement for a Zener-diode and resistor 
combination, these devices can provide an 
effective improvement in output impedance of 
two orders of magnitude and lower bias current. 


D2565, OCTOBER 1982-REVISED APRIL 1988 


NOMINAL 

OUTPUT 

VOLTAGE 

5% 

OUTPUT VOLTAGE 

TOLERANCE 

10% 

OUTPUT VOLTAGE 

TOLERANCE 

-5 V 

- 12 V 

- 15 V 

MC79L05AC 

MC79L12AC 

MC79L15AC 

MC79L05C 

MC79L12C 

MC79L15C 


D PACKAGE 
(TOP VIEW) 


OUTPUT Hi U 8p NC 

INPUT Q 2 7 U INPUT 

INPUT £ 3 6 ] INPUT 

NC ^4_5 H COMMON 



LP SILECT PACKAGE 
(TOP VIEW) 

OUTPUT 
INPUT 
COMMON 



NC-No internal connection 


schematic 


GND 


OUTPUT 


INPUT 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



MC79L05 

MC79L12 

MC79L15 

UNIT 

Input voltage 

-30 

-35 

V 

Continuous total dissipation 

See Dissipation Rating Tables 1 and 2 

Operating free-air, case, or virtual junction temperature range 

0 to 150 

0 to 150 

°c 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 

°c 


DISSIPATION RATING TABLE 1 —FREE AIR TEMPERATURE 


PACKAGE 

T A < 25°C 

DERATING 

DERATE 

T A - 70°C 

POWER RATING 

FACTOR 

ABOVE T A 

POWER RATING 

D 

825 mW 

6.6 mW/°C 

25°C 

528 mW 

LP* 

775 mW 

6.2 mW/°C 

25°C 

496 mW 


^The LP package dissipation rating is based on thermal resistance measured in still air 
with the device mounted in an Augat socket. The bottom of the package was 10 mm 
(0.375 in.) above the socket. 


DISSIPATION RATING TABLE 2-CASE TEMPERATURE 


PACKAGE 

T C < 25°C 
POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE T C 

T C = 125°C 
POWER RATING 

D 

LP 

1600 mW 

1600 mW 

29.0 mW/°C 

28.6 mW/°C 

95 °C 

94 °C 

725 mW 

715 mW 


recommended operating conditions 


“ 1 

MIN 

MAX 

UNIT 


MC79L05 

-7 

-20 


Input voltage, V| 

MC79L12 

-14.5 

-27 

V 


MC79L15 

-17.5 

-30 


Output current, Iq 

100 

mA 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


MC79L05 electrical characteristics at specified virtual junction temperature, V| = - 10 V, lo - 40 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MC79L05C 

MC79L05AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25°C 

-4.6 -5 -5.4 

-4.8 -5 -5.2 

V 

V| = -7 V to -20 V, 

Iq = 1 mA to 40 mA 

0°C to 1 25 °C 

-4.5 -5.5 

-4.75 -5.25 

V| = -10 V, 

Iq = 1 mA to 70 mA 

0°C to 125°C 

-4.5 -5.5 

-4.75 -5.25 

Input regulation 

V| = -7 V to -20 V 

O 

LO 

CM 

200 

150 

mV 

V| = -8 V to -20 V 

150 

100 

Ripple rejection 

V| = -8 V to -18 V, 

f = 120 Hz 

25°C 

40 49 

41 49 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

60 

60 

mV 

Iq = 1 mA to 40 mA 

30 

30 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

40 

40 

mV 

Dropout voltage 

Iq = 40 mA 

25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

6 

6 

mA 

125 °C 

5.5 

5.5 

Bias current change 

V| = -8 V to -20 V 

0°C to 125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


MC79L12 electrical characteristics at specified virtual junction temperature, V| = - 19 V, lo = 40 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MC79L12C 

MC79L12AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

-11.1 -12 -12.9 

-11.5 -12 -12.5 

V 

V| = -14.5 V to -27 V, 
Iq = 1 mA to 40 mA 

0°C to 125°C 

-10.8 -13.2 

-11.4 -12.6 

V| = -19 V, 

Iq = 1 mA to 70 mA 

0°C to 125°C 

-10.8 -13.2 

-11.4 -12.6 

Input regulation 

V| = -14.5 V to -27 V 

25 °C 

250 

250 

mV 

V| = -16 V to -27 V 

200 

200 

Ripple rejection 

V| = -15 V to -25 V, 

f = 120 Hz 

25 °C 

36 42 

37 42 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

100 

100 

mV 

Iq = 1 mA to 40 mA 

50 

50 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

80 

80 

mV 

Dropout voltage 

Iq = 40 mA 

25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

6.5 

6.5 

mA 

1 25 °C 

6 

6 

Bias current change 

V| = -16 V to -27 V 

0°C to 125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


*AII characteristics are measured with a 0.33-ixF capacitor across the input and a 0.1 -/iF capacitor across the output. Pulse testing techniques 
are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account 
separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


MC79L15 electrical characteristics at specified virtual junction temperature, V| = - 23 V, Iq = 40 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MC79L15C 

MC79L15AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage * 


25 °C 

-13.8 -15 -16.2 

-14.4 -15 -15.6 

, V 

V| = -17.5 V to -30 V, 
Iq = 1 mA to 40 mA 

0°C to 125°C 

-13.5 -16.5 

-14.25 -15.75 

V| = -23 V, 

Iq = 1 mA to 70 mA 

0°C to 125°C 

-13.5 -16.5 

-14.25 -15.75 

Input regulation 

V| = -17.5 V to -30 V 

25°C 

300 

300 

mV 

V| = -20 V to -30 V 

250 

250 

Ripple rejection 

V| = -18.5 V to -28.5 V, 

f = 120 Hz 

25°C 

33 39 

34 39 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

150 

150 

mV 

Iq = 1 mA to 40 mA 

75 

75 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

90 

90 

mV 

Dropout voltage 

Iq = 40 mA 

25 °C 

1.7 

1.7 

V 

Bias current 


25°C 

6.5 

6.5 

mA 

125°C 

6 

6 

Bias current change 

V| = -20 V to -30 V 

0°C to 125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


^ All characteristics are measured with a 0.33-/tF capacitor across the input and a 0.1 -/*F capacitor across the output. Pulse testing techniques 
are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account 
separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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MC34060 

PULSE WIDTH MODULATION CONTROL CIRCUIT 

D2714, MARCH 1983-REVISED FEBRUARY 1988 


■ • Complete PWM Power Control Circuitry 

I • Uncommitted Output for 200-mA Sink or 
I Source Current 

I • Variable Dead-Time Provides Control Over 
' Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply 

• Circuit Architecture Provides Easy 
Synchronization 

• Direct Replacement for Motorola MC34060 

description 

The MC34060 incorporates on a single monolithic chip all the functions required in the construction of 
a pulse-width-modulation control circuit. Designed primarily for power supply control, the device contains 
an on-chip 5-V regulator, two error amplifiers, an adjustable oscillator, and a dead-time control comparator. 
The uncommitted output transistor provides either common-emitter or emitter-follower output capability. 
The internal amplifiers exhibit a common-mode voltage range from -0.3 V to Vcc - 2 V. The dead-time 
control comparator has a fixed offset that provides approximately 5% dead time unless externally altered. 
The on-chip oscillator may be bypassed by terminating Rj (pin 6) to the reference output and providing 
a sawtooth input to Cy (pin 5), or it may be used to drive the common MC34060 circuitry and provide 
a sawtooth input for associated control circuitry in multiple rail power supplies. 

The MC34060 is characterized for operation from 0°C to 70°C. 

functional block diagram 




REFERENCE 


Rt 

C T 

DEAD-TIME CONTROL 

NONINVERTING INPUT 
INVERTING INPUT 

NONINVERTING INPUT 
INVERTING INPUT 

FEEDBACK 



C 


E 


GND 


All voltage and current values shown are nominal. 
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MC34060 

PULSE-WIDTH MODULATION CONTROL CIRCUIT 


absolute maximum ratings over operating temperature range (unless otherwise noted) 




UNIT 

Supply voltage, Vqc (see Note 1) 

42 

V 

Amplifier input voltages 

Vcc + 0.3 

V 

Collector output voltage 

42 

V 

Collector output current 

250 

mA 

Continuous total dissipation 

See Dissipation Rating 

Table 

Operating free-air temperature range 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

■ 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 

260 

°C 


NOTE 1: All voltage values except differential voltages are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25 °C 
POWER RATING 

DERATING 

FACTOR 

DERATE 
ABOVE T a 

T A - 70 °C 
POWER RATING 

D 

N 

900 mW 

1000 mW 

7.6 mW/°C 

9.2 mW/°C 

31 °C 

41 °C 

608 mW 

736 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vqc 

7 40 

V 

Amplifier input voltages, V| 

-0.3 V CC -2 

V 

Collector output voltage, Vq 

40 

V 

Collector output current (each transistor) 

200 

mA 

Reference output current 

10 

mA 

Current into feedback terminal 

0.3 

mA 

Timing capacitor, Cj 

0.47 10000 

nF 

Timing resistor, Rj 

1.8 500 

kfi 

Oscillator frequency 

1 200 

kHz 

Operating free-air temperature, T A 

0 70 

°C 
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MC34060 

PULSE WIDTH MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vqc "15V, 
f - 25 kHz (unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS* 

MIN TYP* MAX 

UNIT 

Output voltage (V re f) 

Iq = 1 mA 

4.75 5 5.25 

V 

Input regulation 

VCC = 7 V to 40 V, T A = 25 °C 

2 25 

mV 

Output regulation 

l| 0 = 1 to 10 mA, T A = 25°C 

1 15 

mV 

Output voltage change 
with temperature 

AT A = MIN to MAX 

0.2% 2.6% 


Short-circuit output current § 

_Vr P J-=.0,-IiL=.-25 o _C_ 

35 

mA 


2 


oscillator section 


PARAMETER 

TEST CONDITIONS 1 

MIN TYP* MAX 

UNIT 

Frequency 

Cj = 0.001 pF, R T = 47 k0 

25 

kHz 

Standard deviation of frequencyl 

C T = 0.001 pF, R T = 47 kfi 

3% 


Frequency change with voltage 

Vcc = 7 V to 40 V, T A = 25 °C 

0.1% 


Frequency change with 

temperature 

C T = 0.001 pF, R T = 47 kO, 

AT A = MIN to MAX 

±2% 



dead-time control-section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP* 

MAX 

UNIT 

Input bias current (pin 4) 

V| = 0 to 5.25 V 


-2 

- 10 

pA 

Maximum duty cycle 

V| (pin 4) — 0 

C T = 0.1 (i F, R T = 12 kO 

90% 

96% 

100% 


C T = 0.001 pF, R T = 47 kfi 


92% 

100% 


Input threshold voltage (pin 4) 

Zero duty cycle 


3 

3.3 

\/ 

Maximum duty cycle 

0 

V 


error-amplifier sections 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Input offset voltage 

Vo (pin 3) = 2.5 V 

2 10 

mV 

Input offset current 

v O (pin 3) = 2.5 V 

25 250 

nA 

Input bias current 

v O (pin 3) = 2.5 V 

0.2 1 

pA 

Common-mode input voltage range 

VCC = 7 V to 40 V 

-0.3 

to 

V C C-2 

V 

Open-loop voltage amplification 

AVq = 3 V, R l = 2 kO, V 0 = 0.5 V to 3.5 V 

70 95 

dB 

Unity gain bandwidth 

V 0 = 0.5 V to 3.5 V, R L = 2 kfi 

800 

kHz 

Phase margin at unity gain 

V 0 = 0.5 V to 3.5 V, R L = 2 kfl 

65° 


Common-mode rejection ratio 

V C C = 40 V 

65 80 

dB 

Output sink current (pin 3) 

V| D = -15 mV to -5 V, V (pin 3) = 0.7 V 

0.3 0.7 

mA 

Output source current (pin 3) 

V| D = 15 mV to 5 V, V( pin 3) = 3.5 V 

-2 

mA 


* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

^ All typical values except for "change with temperature" characteristics are at T A = 25 °C. /~N 

§ Duration of the short-circuit should not exceed one second. / E (x n - X)2 

1 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula _ I / n = 1 _ 

0 F N - 1 
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MC34060 

PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V, 
f = 25 kHz (unless otherwise noted) (continued) 

output section 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

Collector off-state current 

V CE = 40 V, 

V C C = 40 V 

2 

100 

/*A 

Emitter off-state current 

v C c - v c = 

40 V, V E = 0 

-100 

m a 

Collector-emitter 

Common-emitter 

< 

m 

O 

l C = 200 mA 

1.1 1.3 

V 

saturation voltage 

Emitter follower 

V C = 15 V, 

l E = -200 mA 

1.5 

2.5 




pwm comparator section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYpt 

MAX 

UNIT 

Input threshold voltage (pin 3) 

Zero duty cycle 


4 

4.5 

V 

Input sink current (pin 3) 

V(pin 3) = 0.7 V 

0.3 

0.7 


mA 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Standby supply current 

Pin 6 at V re f 

All other inputs and outputs open 

Vcc = 15 V 

6 10 

mA 

V CC = 40 V 

9 15 

Average supply current 

Rt = 47 kfl, 

V(pin 4) = 2 V, C T =0.001,5, ^ , 

7.5 

mA 


switching characteristics, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP t 

MAX 

UNIT 

Output voltage rise time 

Common-emitter configuration, See Figure 3 

100 

200 

ns 

Output voltage fall time 

25 

100 

ns 

Output voltage rise time 

Emitter-follower configuration. See Figure 4 

100 

200 

ns 

Output voltage fall time 

40 

100 

ns 


t All typical values are at T^ = 25 °C. 
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MC34060 

PULSE WIDTH-MODULATION CONTROL CIRCUIT 


PARAMETER MEASUREMENT INFORMATION 


Vcc = 15V 


TEST 

INPUTS 




CAPACITOR C T 


DEAD-TIME CONTROL 




TIMING WAVEFORMS 

FIGURE 1. DEAD-TIME AND FEEDBACK CONTROL 


ERROR 

AMPLIFIER 



FEEDBACK 

TERMINAL 


FIGURE 2. ERROR-AMPLIFIER CHARACTERISTICS 
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MC34060 

PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


PARAMETER MEASUREMENT INFORMATION 



15 V 



TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 


FIGURE 3. COMMON-EMITTER CONFIGURATION 


15 V 



TEST CIRCUIT 



OUTPUT VOLTAGE WAVEFORM 


FIGURE 4. EMITTER-FOLLOWER CONFIGURATION 
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Oscillator Frequency —Hz 


MC34060 

PULSE WIDTH-MODULATION CONTROL CIRCUIT 


OSCILLATOR FREQUENCY and 
FREQUENCY VARIATION + vs 
TIMING RESISTANCE 


TYPICAL CHARACTERISTICS 

‘Y and AMPLIFIER VOLTAGE AMPLIFICATION 

M* vs vs 

E FREQUENCY 
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Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range. 
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SG2524, SG3524 
REGULATING PULSE-WIDTH MODULATORS 

D2294, APRIL 1977-REVISED OCTOBER 1988 

• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for Single-Ended or 
Push-Pull Applications 

• Low Standby Current ... 8 mA Typ 

• Interchangeable with Silicon General 
SG2524 and SG3524 

description 

The SG2524 and SG3524 incorporate on single 
monolithic chips all the functions required in the 
construction of a regulating power supply, 
inverter, or switching regulator. They can also be used as the control element for high-power-output 
applications. The SG2524 and SG3524 were designed for switching regulators of either polarity, 
transformer-coupled dc-to-dc converters, transformerless voltage doublers, and polarity converter 
applications employing fixed-frequency, pulse-width-modulation techniques. The complementary output 
allows either single-ended or push-pull application. Each device includes an on-chip regulator, error amplifier, 
programmable oscillator, pulse-steering flip-flop, two uncommitted pass transistors, a high-gain comparator, 
and current-limiting and shut-down circuitry. 

The SG2524 is characterized for operation from -25°C to 85 °C, and the SG3524 is characterized for 
operation from 0°C to 70 °C. 


J OR INI PACKAGE 
(TOP VIEW) 


IN- C 

1 


H REF OUT 

IN + C 

2 

15 

H vcc 

OSC OUT C 

3 

14 

U EMIT 2 

CURR LIM + C 

4 

13 

U COL 2 

CURR LIM - C 

5 

12 

U COL 1 

RtL 

6 

11 

H EMIT 1 

ctL 

7 

10 

D SHUTDOWN 

GND C 

8_ 

9 

H COMP 





PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SG2S24, SG3524 

REGULATING PULSE-WIDTH MODULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Notes 1 and 2) 

Collector output current. 

Reference output current. 

Current through Cj terminal. 

Continuous total dissipation. 

Operating free-air temperature range: SG2524 

SG3524 

Storage temperature range . 


... 40 V 

. 100 mA 

. 50 mA 

. -5 mA 

See Dissipation Rating Table 

. — 25°C to 85 °C 

. 0°C to 70 °C 

. — 65°C to 1 50 °C 



NOTES: 


1. All voltage values are with respect to network ground terminal. 

2. The reference regulator may be bypassed for operation from a fixed 5-V supply by connecting the Vcc anc * reference output 
pins both to the supply voltage. In this configuration, the maximum supply voltage is 6 V. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25 °C 

DERATING 

DERATE 

T A - 70°C 

T A « 85°C 

POWER RATING 

FACTOR 

ABOVE T A 

POWER RATING 

POWER RATING 

J 

1000 mW 

8.2 mW/°C 

28 °C 

656 mW 

533 mW 

N 

1000 mW 

9.2 mW/°C 

41 °C 

736 mW 

598 mW 


recommended operating conditions 



SG2524 

SG3524 

UNIT 


MIN 

MAX 

MIN 

MAX 

Supply voltage, Vcc 

8 

40 

8 

40 

V 

Reference output current 

0 

50 

0 

50 

mA 

Current thru Cj terminal 

-0.03 

-2 

-0.03 

-2 

mA 

Timing resistor, Rj 

1.8 

100 

1.8 

100 

kS2 

Timing capacitor, Cj 

0.001 

0.1 

0.001 

0.1 

m f 

Operating free-air temperature 

-25 

85 

0 

70 

°c 


electrical characteristics over recommended operating free-air temperature range, Vcc “ 20 V (unless 
otherwise noted) 


reference section 


PARAMETER 

TEST CONDITIONS* 

SG2524 

SG3524 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Output voltage 


4.8 5 5.2 

4.6 5 5.4 

V 

Input regulation 

Vcc = 8 to 40 V 

10 20 

10 30 

mV 

Ripple rejection 

f = 120 Hz 

66 

66 

dB 

Output regulation 

Iq = 0 to 20 mA 

20 50 

20 50 

mV 

Output voltage change 
with temperature 

T A = MIN to MAX 

0.3 1 

0.3 1 

% 

Short-circuit output current 5 

Vref = 0 

100 

100 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values, except output voltage change with temperature, are at T A = 25 °C. 

§ Duration of the short circuit should not exceed one second. 
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SG2524 SG3524 
REGULATING PULSE-WIDTH MODULATORS 


electrical characteristics over recommended operating free-air temperature range, Vqc - 20 V, 
f = 20 kHz (unless otherwise noted) 

oscillator section 


PARAMETER 

TEST CONDITIONS* 

MIN TYP* MAX 

UNIT 

Frequency 

C T = 0.001 fiF, R t = 2 kO 

450 

kHz 

Standard deviation of frequency 5 

All values of voltage, temperature, 
resistance, and capacitance constant 

5 

% 

Frequency change with voltage 

V C C = 8 to 40 V, T A = 25 °C 

1 

% 

Frequency change with temperature 

T a = MIN to MAX 

2 

% 

Output amplitude at pin 3 

T A = 25°C 

3.5 

V 

Output pulse duration (width) at pin 3 

Cj = 001 /IF, T a = 25 °C 

0.5 

ns 


error amplifier section 


PARAMETER 

TEST CONDITIONS 

SG2524 

SG3524 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Input offset voltage 

V| C = 2.5 V 

0.5 5 

2 10 

mV 

Input bias current 

V|c = 2.5 V 

2 10 

2 10 


Open-loop voltage amplification 


72 80 

0) 

o 

00 

o 

dB 



1.8 

1.8 


Common-mode input voltage range 

T A = 25 °C 

to 

to 

V 



3.4 

3.4 


Common-mode rejection ratio 


70 

70 

dB 

Unity-gain bandwidth 


3 

3 

MHz 

Output swing 

T a = 25°C 

0.5 3.8 

0.5 3.8 

V 


output section 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Collector-emitter breakdown voltage 


40 

V 

Collector off-state current 

V C E = 40 V 

0.01 50 

m a 

Collector-emitter saturation voltage 

1C = 50 mA 

1 2 

V 

Emitter output voltage 

V C = 20 V, l E = -250 fiA 

17 18 

V 

Turn-off voltage rise time 

R C = 2 kfl 

0.2 

US 

Turn-on voltage fall time 

R C = 2 kQ 

0.1 

(IS 


comparator section 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Maximum duty cycle, each output 


45 

% 

Input threshold voltage at pin 9 

Zero duty cycle 

1 

V 

Maximum duty cycle 

3.5 

Input bias current 


-1 

^A 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditi ons. _ 

^All typical values, except for temperature coefficients, are at T A = 25 °C. _ 

^Standard deviation is a measure of the statistical distribution about the mean as derived from the formula a ~ ^ (X n -X)2 
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SG2524 SG3524 

REGULATING PULSE-WIDTH MODULATORS 


electrical characteristics over recommended operating free-air temperature range, Vqc - 20 V, 
f = 20 kHz (unless otherwise noted) 


current limiting section 


PARAMETER 

TEST CONDITIONS 

SG2524 

SG3524 

UNIT 

MIN 

TYP t MAX 

MIN 

TYP* MAX 

Input voltage range (either input) 


-1 

to 

+ 1 

-1 

to 

+ 1 

V 

Sense voltage at Ta = 25 °C 

V(pin 2) ~ v (pin 1) 3= 50 mV, 
V(pin 9 ) = 2 V 

190 

200 210 

180 

200 220 

mV 

Temperature coefficient 
of sense voltage 

0.2 

0.2 

mV/°C 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

Standby current 

Vcc = 40 V, 

Pin 2 at 2 V, 

Pins 1,4,7,8,9,11,14 gronded, 

All other inputs and outputs open 

8 

10 

mA 


^All typical values, except for temperature coefficients, are at = 25 °C. 


PARAMETER MEASUREMENT INFORMATION 
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SG2524, SG3524 

REGULATING PULSE-WIDTH MODULATORS 


2 


TYPICAL CHARACTERISTICS 

OUTPUT DEAD TIME 


vs 



O.OOI 0.004 0.01 0.04 0.1 

Cj—Capacitance — /iF 

FIGURE 5 


PRINCIPLES OF OPERATION* 

The SG2524 is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator 
operates at a fixed frequency that is programmed by one timing resistor Rj and one timing capacitor Cj- 
Rj establishes a constant charging current for Cj- This results in a linear voltage ramp at Cj, which is 
fed to the comparator providing linear control of the output pulse duration (width) by the error amplifier. 
The SG2524 contains an on-board 5-V regulator that serves as a reference as well as supplying the SG2524 
internal regulator control circuitry. The internal reference voltage is divided externally by a resistor ladder 
network to provide a reference within the common-mode range of the error amplifier as shown in Figure 
6, or an external reference may be used. The output is sensed by a second resistor divider network and 
the error signal is amplified. This voltage is then compared to the linear voltage ramp at Cj. The resulting 
modulated pulse out of the high-gain comparator is then steered to the appropriate output pass transistor 
(Q1 or Q2) by the pulse-steering flip-flop, which is synchronously toggled by the oscillator output. The 
oscillator output pulse also serves as a blanking pulse to assure both outputs are never on simultaneously 
during the transition times. The duration of the blanking pulse is controlled by the value of Cj- The outputs 
may be applied in a push-pull configuration in which their frequency is half that of the base oscillator, or 
paralleled for single-ended applications in which the frequency is equal to that of the oscillator. The output 
of the error amplifier shares a common input to the comparator with the current-limiting and shut-down 
circuitry and can be overridden by signals from either of these inputs. This common point is also available 
externally and may be employed to control the gain of, or to compensate the error amplifier, or to provide 
additional control to the regulator. 


^Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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SG2524, SG3524 
REGULATING PULSE-WIDTH MODULATORS 


TYPICAL APPLICATION DATAt 


oscillator 

The oscillator controls the frequency of the SG2524 and is programmed by Rj and Cj as shown in Figure 4. 


Ry Cj 


where Rj is in kfi 
Cj is in fiF 
f is in kHz 

Practical values of Cj fall between 0.001 and 0.1 fiF. Practical values of Rj fall between 1.8 and 100 kfi. 
This results in a frequency range typically from 140 Hz to 500 kHz. 



blanking 

The output pulse of the oscillator is used as a blanking pulse at the output. This pulse duration is controlled 
by the value of Cj as shown in Figure 5. If small values of Cj are required, the oscillator output pulse 
duration may still be maintained by applying a shunt capacitance from pin 3 to ground. 


synchronous operation 

When an external clock is desired, a clock pulse of approximately 3 V can be applied directly to the oscillator 
output terminal. The impedance to ground at this point is approximately 2 k!2. In this configuration, Rj Cj 
must be selected for a clock period slightly greater than that of the external clock. 

If two or more SG2524 regulators are to be operated synchronously, all oscillator output terminals should 
be tied together. The oscillator programmed for the minimum clock period will be the master from which 
all the other SG2524s operate. In this application, the Cj Rj values of the slaved regulators must be set 
for a period approximately 10% longer than that of the master regulator. In addition, Cj (master) = 2 Cj 
(slave) to ensure that the master output pulse, which occurs first, has a longer pulse duration and will 
subsequently reset the slave regulators. 

^Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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REGULATING PULSE-WIDTH MODULATORS 


TYPICAL APPLICATION DATAt 


voltage reference 

The 5-V internal reference may be employed by use of an external resistor divider network to establish 
a reference within the error amplifiers common-mode voltage range (1.8 to 3.4 V) as shown in Figure 6, 
or an external reference may be applied directly to the error amplifier. For operation from a fixed 5-V supply, 
the internal reference may be bypassed by applying the input voltage to both the Vcc and V REF terminals. 
In this configuration, however, the input voltage is limited to a maximum v of 6 V. 


2 




FIGURE 6. ERROR AMPLIFIER BIAS CIRCUITS 


error amplifier 

The error amplifier is a differential-input transconductance amplifier. The output is available for dc gain 
control or ac phase compensation. The compensation node (pin 9) is a high-impedance node (R[_ = 5 MC). 
The gain of the amplifier is Ay = (0.002 12 ~ 1 ) Rl and can easily be reduced from a nominal 10,000 by 
an external shunt resistance from pin 9 to ground. Refer to Figure 3 for data. 

compensation 

Pin 9, as discussed above, is made available for compensation. Since most output filters will introduce 
one or more additional poles at frequencies below 200 Hz, which is the pole of the uncompensated amplifier, 
introduction of a zero to cancel one of the output filter poles is desirable. This can best be accomplished 
with a series RC circuit from pin 9 to ground in the range of 50 kfi and 0.001 ptF. Other frequencies can 
be canceled by use of the formula f * 1/RC. 

shut-down circuitry 

Pin 9 can also be employed to introduce external control of the SG2524. Any circuit that can sink 200 fiA 
can pull the compensation terminal to ground and thus disable the SG2524. 

In addition to constant-current limiting, pins 4 and 5 may also be used in transformer-coupled circuits to 
sense primary current and shorten an output pulse should transformer saturation occur. Pin 5 may also 
be grounded to convert pin 4 into an additional shut-down terminal. 

^Throughout these discussions, references to the SG2524 also apply to the SG3524. 
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SG2524, SG3524 
REGULATING PULSE-WIDTH MODULATORS 


TYPICAL APPLICATION DATAt 


current limiting 

A current-limiting sense amplifier is provided in the SG2524. The current-limiting sense amplifier exhibits 
a threshold of 200 mV and must be applied in the ground line since the voltage range of the inputs is 
limited to 4- 1 V to -1 V. Caution should be taken to ensure the - 1 V limit is not exceeded by either 
input, otherwise damage to the device may result. 


Fold-back current limiting can be provided with the network shown in Figure 7. The current-limit schematic 
is shown in Figure 8. 




FIGURE 7. FOLDBACK CURRENT LIMITING FOR SHORTED OUTPUT CONDITIONS 



FIGURE 8. CURRENT-LIMIT SCHEMATIC 


output circuitry 

The SG2524 contains two identical n-p-n transistors, the collectors and emitters of which are uncommitted. 
Each transistor has antisaturation circuitry that limits the current through that transistor to a maximum 
of 100 mA for fast response. 

^Throughout these discussions, references to the SG2524 also apply to the SG3524. 
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SG2524, SG3524 

REGULATING PULSE-WIDTH MODULATORS 


TYPICAL APPLICATION DATAt 


general 

There are a wide variety of output configurations possible when considering the application of the SG2524 
as a voltage regulator control circuit. They can be segregated into three basic categories: 

1. Capacitor-diode-coupled voltage multipliers 

2. Inductor-capacitor-implemented single-ended circuits 

3. Transformer-coupled circuits 

Examples of these categories are shown in Figures 9, 10 and 11, respectively. Detailed diagrams of specific 
applications are shown in Figures 12 through 15. 








FIGURE 9. CAPACITOR-DIODE COUPLED FIGURE 10. SINGLE-ENDED INDUCTOR CIRCUIT 

VOLTAGE-MULTIPLIER OUTPUT STAGES 




PUSH-PULL FLYBACK 

FIGURE 11. TRANSFORMER-COUPLED OUTPUTS 

"•’Throughout these discussions, references to the SG2524 also apply to the SG3524. 
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SG2524, SG3524 

REGULATING PULSE-WIDTH MODULATORS 


TYPICAL APPLICATION DATAt 


V CC - 28 V 


INV 

El 

NONINV 

Cl 

REF OUT 

C2 

Rt 

E2 

Ct 

+ C.L. 

SHUT 

DOWN 

- C.L. 

OSC OUT 

COMP 


1 .■ ) .J ^ O.OOI fiF 

SG2524 I 

< 50 kfi 

- A — 2 —- 

m RETURN - 

FIGURE 14. SINGLE-ENDED LC CIRCUIT 


V CC - 28 V 


INV El 

NONINV Cl 

C2 

REF OUT 

Rj E2 

C T +C.L. 


10SC OUT COMP |- 
GND 





FIGURE 15. PUSH-PULL TRANSFORMER-COUPLED CIRCUIT 

^Throughout these discussions, references to the SG2524 also apply to the SG3524. 
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Output Voltage Range Adjustable from 
1.2 V to 32 V 

Output Current Capability of 100 mA 

Input Regulation Typically 0.01% Per Input- 
Volt Change 

Output Regulation Typically 0.5% 

Ripple Rejection Typically 80 dB 


TL317M, TL317C 
3 TERMINAL ADJUSTABLE REGULATOR 

D2527, APRIL 1979-REVISED MAY 1988 


TL317C . . . D PACKAGE 


INPUT | 
OUTPUT | 
OUTPUT | 
ADJUSTMENT | 


NC 

OUTPUT 

OUTPUT 

NC 


. JG PACKAGE 


description 


| OUTPUT 

The TL31 7 is an adjustable 3-terminal positive- NC L 2 7 J NC 

voltage regulator capable of supplying 100 mA NC C 3 6 ] ADJUSTMENT 

over an output-voltage range of 1.2 V to 32 V. NC C 4_5_U NC 

It is exceptionally easy to use and requires only 

two external resistors to set the output voltage. TL317C . . . lp silect package 

Both input and output regulation are better than (TOP view) 

standard fixed regulators. The device is _ 

packaged in standard packages that are easily r , 

mounted and handled. / INPUT 

In addition to higher performance than fixed l “ OUTPUT 

regulators, this regulator offers full overload \ ADJUSTMENT 

protection available only in integrated circuits. -^ 

Included on the chip are current limiting and .. . t 

thermal overload protection. All overload 
protection circuitry remains fully functional even 

if the adjustment terminal is disconnected. Normally, no capacitors are needed unless the device is situated 
far from the input filter capacitors, in which case an input bypass is needed. An optional output capacitor 
can be added to improve transient response. The adjustment terminal can be bypassed to achieve very 
high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 

In addition to replacing fixed regulators, the TL31 7 regulator is useful in a wide variety of other applications. 
Since the regulator is floating and sees only the input-to-output differential voltage, supplies of several 
hundred volts can be regulated as long as the maximum input-to-output differential is not exceeded. Its 
primary application is that of a programmable output regulator, but by connecting a fixed resistor between 
the adjustment terminal and the output terminal, this device can be used as a precision current regulator. 
Supplies with electronic shutdown can be achieved by clamping the adjustment terminal to ground, 
programming the output to 1.2 V where most loads draw little current. 

The TL317M is characterized for operation over the full military temperature range from - 55 °C to 125 °C. 
The TL317C is characterized for operation from 0°C to 125°C. 


. LP SILECT PACKAGE 


ADJUSTMENT 


NC —No internal connection 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL317M, TL317C 

3-TERMINAL ADJUSTABLE REGULATOR 


schematic 




All component values shown are nominal 


absolute maximum ratings over operating temperature range (unless otherwise noted) 

Input-to-output differential voltage, V| - Vo. 35 V 

Continuous total dissipation. See Dissipation Rating Table 

Operating free-air, case, or virtual junction temperature range: TL317M . -55°C to 150°C 

TL317C. 0°C to ,1 50°C 

Storage temperature range . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package. 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package. 260°C 


DISSIPATION RATING TABLE 1-FREE-AIR TEMPERATURE 


PACKAGE 

T A < 25 °C 
POWER RATING 

DERATING FACTOR 

ABOVE T a - 25 °C 

T A - 125°C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 

145 mW l 

JG 

1050 mW 

8.4 mW/°C 

210 mW 

LP* 

775 mW 

6.2 mW/°C 

155 mW 


^The LP package dissipation rating is based on thermal resistance measured in still air 
with the device mounted in an Augat socket. The bottom of the package was 10 mm 
(0.375 in.) above the socket. 


DISSIPATION RATING TABLE 2-CASE TEMPERATURE 


PACKAGE 

T C < 25 °C 
POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE T C 

T C - 125°C 
POWER RATING 

D 

1600 mW 

29.6 mW/°C 

96 °C 

740 mW 

JG 

1600 mW 

38.4 mW/°C 

108°C 

960 mW 

LP 

1600 mW 

28.6 mW/°C 

94 °C 

715 mW 
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TL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 


recommended operating conditions 



TL317M 

TL317C 

UNIT 


MIN 

MAX 

MIN 

MAX 

Output current, Iq 

2.5 

100 

2.5 

100 

mA 

Operating virtual junction temperature, Tj 

-55 

125 

0 

125 

°C 


electrical characteristics over recommended operating virtual junction temperature range (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Input regulation (see Note 2) 

V|-V 0 = 3 V to 35 V 

Tj = 25°C 

0.01 0.02 

%/V 

Iq = 2.5 mA to 100 mA 

0.02 0.05 

Ripple rejection 

Vq = 10 V, f = 120 Hz 

65 

dB 

V 0 = 10 V, f = 120 Hz, 

10-/iF capacitor between ADJ and ground 

66 80 

Output regulation 

Iq = 2.5 mA to 100 mA, 
Tj = 25 °C, 

Vq < 5 V 

25 

mV 

V 0 > 5 V 

0.5 

% 

Iq = 2.5 mA to 100 mA, 

V 0 < 5 V 

50 

mV 

Vq > 5 V 

1 

% 

Output voltage change with temperature 

Tj = 0°C to 1 25°C 


1 

% 

Output voltage long-term drift (see Note 3) 

After 1000 h at Tj = 125°C and V|-V 0 = 35 V 

0.3 1 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, Tj = 25°C 

0.003 

% 

Minimum output current to 
maintain regulation 

V| - Vq = 35 V 

1.5 2.5 

mA 

Peak output current 

V|-Vq < 35 V 

100 200 

mA 

Adjustment-terminal current 


50 100 

m a 

Change in adjustment-terminal current 

V|-V 0 = 2.5 V to 35 V, Iq = 2.5 mA to 100 mA 

0.2 5 

7*A 

Reference voltage (output to ADJ) 

V|-Vq = 3 V to 35 V, Iq = 2.5 mA to 100 mA, 

P < rated dissipation 

1.2 1.25 1.3 

V 


* Unless otherwise noted, these specifications apply for the following test conditions: V| - Vq = 5 V and Iq = 40 mA. Pulse testing techniques 
must be used that will maintain the junction temperature as close to the ambient temperature as possible. All characteristics are measured 
with a 0.1-jaF capacitor across the input and a 1-yiF capacitor across the output. 

NOTES: 2. Input regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 

3. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to 
be a guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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TL317M, TL317C 

3-TERMINAL ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 


REG 



FIGURE 1. ADJUSTABLE VOLTAGE REGULATOR FIGURE 2. 0-V TO 30-V REGULATOR CIRCUIT 


REG 



FIGURE 3. ADJUSTABLE REGULATOR FIGURE 4. PRECISION CURRENT 

CIRCUIT WITH IMPROVED RIPPLE REJECTION LIMITER CIRCUIT 


NOTES: A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors. 

B. Use of an output capacitor improves transient response but is optional. 

C. V re f equals the difference between the output and adjustment terminal voltages. 

D. Output voltage is calculated from the equation: Vq = V re f ^1 + 
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TL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 


R2 

1.5 kfi 



FIGURE 5. TRACKING PREREGULATOR CIRCUIT 



REG REG 



t This resistor sets peak current (100 mA for 6 U). 

FIGURE 8. CURRENT-LIMITED 6-V CHARGER 
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TL317M, TL317C 

3-TERMINAL ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 

TIP73 



^Minimum load current is 30 mA. 

^Optional capacitor improves ripple rejection 

FIGURE 9. HIGH-CURRENT ADJUSTABLE REGULATOR 
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■ • Temperature Compensated 

■ • Programmable Output Voltage 

I • Low Output Resistance 

I • Low Output Noise 

• Sink Capability to 100 mA 


description 

The TL430 is a three-terminal adjustable shunt 
regulator featuring excellent temperature 
stability, wide operating current range, and low 
output noise. The output voltage may be set by 
two external resistors to any desired value 
between 3 volts and 30 volts. The TL430 can 
replace zener diodes in many applications 
providing improved performance. 

The TL430I is characterized for operation from 
— 40 °C to 85 °C, and the TL430C is 
characterized for operating from 0°C to 70°C. 


functional block diagram 

REF 

ANODE 
(A) 



CATHODE 

(K) 


TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


D2165, JUNE 1976 —REVISED MARCH 1988 


LP 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Regulator voltage (see Note 1) . 30 V 

Continuous regulator current . 150 mA 

Continuous dissipation at (or below) 25 °C free-air temperature (see Note 2) . 775 mW 

Operating free-air temperature range: TL430I . -40°C to 85°C 

TL430C . 0°C to 70°C 

Storage temperature range . -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260°C 


recommended operating conditions 



MIN MAX 

UNIT 

Regulator voltage, Vz 

V ref 30 

V 

Regulator current, lz 

2 100 

mA 


Notes: 1. All voltage values are with respect to the anode terminal. 

2. For operation above 25°C free-air temperature, derate at 6.2 mW/°C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL430I, TL430C 

ADJUSTABLE SHUNT REGULATORS 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

TL430I 

TL430C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V re f Reference input voltage 

1 

V z = V re f, l Z = 10 mA 

2.6 2.75 2.9 

2.5 2.75 3 

V 

Temperature coefficient of 
a V re f re f erence j n p U t voltage 

1 

V Z = V ref , l Z = 10 mA, 

T A = 0°C to 70°C 

120 200 

120 

ppm/°C 

l re f Reference input current 

2 

l z = 10 mA, R1 =10 kQ, 

R2 = oo 

3 10 

3 10 

mA 

Regulator current near lower 

I 7 K 

knee of regulation range 

1 

Vz = v ref 

0.5 2 

0.5 2 

mA 

Regulator current at maximum 
limit of regulation range 

1 

Vz = v ref 

50 

50 

mA 

2 

V z = 5 V to 30 V, See Note 3 

100 

100 

Differential regulator resistance 

r 7 

(see Note 4) 

1 

V Z = V^, 

Al z = (52-2) mA 

1.5 3 

1.5 3 

0 

V nz Noise voltage 

2 

f = 0.1 Hz to 10 Hz 

V Z = 3 V 

50 

50 

„V 

V z = 12 V 

200 

200 

V Z = 30 V 

650 

650 


NOTES: 3. The average power dissipation, V Z • l Z • duty cycle, must not exceed the maximum continuous rating in any 10-ms interval. 
4. The regulator resistance for Vz > V re f, r z , is given by: 


r z' 


r z 



PARAMETER MEASUREMENT INFORMATION 



FIGURE 1. TEST CIRCUIT FOR Vz = V re f 



FIGURE 2. TEST CIRCUIT FOR Vz >V re f 
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Impedance — 


TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 

SMALL-SIGNAL REGULATOR IMPEDANCE CURRENT 



f-Frequency-Hz V-Voltage-V 


FIGURE 3 FIGURE 4 




FIGURE 7. CURRENT LIMITER 
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TL430I, TL430C 

ADJUSTABLE SHUNT REGULATORS 


TYPICAL APPLICATION DATA 



Min V 0 - V ref + 5 



FIGURE 8. OUTPUT CONTROL OF FIGURE 9. HIGHER-CURRENT 
A THREE-THERMAL APPLICATIONS 

FIXED REGULATOR 





FIGURE 11. OVER-VOLTAGE/ 
UNDER-VOLTAGE 
PROTECTION CIRCUIT 


FIGURE 12. Vcc MONITOR 


2-110 


Texas 

In STRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 








TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 


I • Equivalent Full-Range Temperature 
I Coefficient ... 30 ppm/°C 

I • Temperature Compensated for Operation 
I Over Full Rated Operating Temperature 
I Range 

• Adjustable Output Voltage 

• Fast Turn-On Response 

• Sink Current Capability ... 1 mA to 
100 mA 

• Low (0.2 Q, Typ) Dynamic Output 
Impedance 

• Low Output Noise 

description 

The TL431 and TL431A are three-terminal 
adjustable shunt regulators with specified 
thermal stability over applicable industrial and 
commercial temperature ranges. The output 
voltage may be set to any value between V re f 
(approximately 2.5 V) and 36 V with two 
external resistors (see Figure 16). These devices 
have a typical output impedance of 0.2 Q. Active 
output circuitry provides a very sharp turn-on 
characteristic, making these devices excellent 
replacements for zener diodes in many 
applications. 

The TL431M is characterized for operation over 
the full military temperature range of -55°C 
to 125 °C. The TL431I and TL431AI are 
characterized for operation from -40°C 
to 85 °C, and the TL431C and TL431AC are 
characterized for operation from 0°C 
to 70°C. 


D2410, JULY 1978 —REVISED AUGUST 1988 


TL431I, TL431AI, TL431C, TL431AC . . . D PACKAGE 


(TOP VIEW) 

CATHODE 
ANODE 
ANODE 
NC 


1 U 8 

2 7 

3 6 

4 5 


2 REF 
2 ANODE 
2 ANODE 

2 nc 


TL431M . . . JG PACKAGE 


(TOP VIEW) 

CATHODE 
NC 
NC 
NC 


1 U 8 

2 7 

3 6 

4 5 


2 ref 
2 nc 
2 ANODE 
2 NC 



TL431M . . . LD PACKAGE 
(TOP VIEW) 



THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE. 


TL431I, TL431AI. TL431C, TL431AC . . . LP PACKAGE 
(TOP VIEW) 



CATHODE 

ANODE 

REF 


TL431I, TL431AI, TL431C. TL431AC . . . P PACKAGE 


(TOP VIEW) 

CATHODE 
NC 
NC 
NC 


TUT 

2 7 

3 6 

4 5 


2 REF 
2 nc 
2 ANODE 
2 nc 


NC —No internal connection 


symbol 


REFERENCE (R) 


ANODE-P»f-CATHODE 

(A) (K) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 


schematic 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Cathode voltage (see Note 1). 37 V 

Continuous cathode current range. -100 mA to 150 mA 

Reference input current range. -50 /iA to 10 mA 

Continuous power dissipation . See Dissipation Rating Tables 1 and 2 

Operating free-air temperature range: TL431C, TL431AC. 0°C to 70°C 

TL431I, TL431AI. -40°C to 85 °C 

TL431M . -55°C to 125°C 

Storage temperature range . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: LD or JG package. 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, LP, or P package. 260°C 

NOTE 1: Voltage values are with respect to the anode terminal unless otherwise noted. 


DISSIPATION RATING TABLE 1-FREE-AIR TEMPERATURE 


PACKAGE 

T a < 25 °C 
POWER RATING 

DERATING FACTOR 
ABOVE T A - 25 °C 

T A - 70°C 
POWER RATING 

T a - 85°C 
POWER RATING 

T A - 125°C 
POWER RATING 

D 

825 mW 

6.6 mW/°C 

528 mW 

429 mW 


JG 

1050 mW 

8.4 mW/°C 

672 mW 

546 mW 

210 mW 

LD 

275 mW 

2.2 mW/°C 

176 mW 

143 mW 

55 mW 

LP 

775 mW 

6.2 mW/°C 

496 mW 

403 mW 


P 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 



DISSIPATION RATING TABLE 2-CASE TEMPERATURE 


PACKAGE 

T C < 25 °C 
POWER RATING 

DERATING FACTOR 
ABOVE T C - 25 °C 

Tq - 125 °C 

POWER RATING 

LD 

1550 mW 

12.4 mW/°C 

310 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Cathode voltage, V« A 

V ref 36 

V 

Cathode current, l|< (for regulation) 

1 100 

mA 
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electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


V re f Reference input voltage 

Deviation of reference input voltage 
ref (dev) over fu | ( ternperature range* 

... Ratio of change in reference 

AV ref 

- input voltage to the change 

AV KA in cathode voltage 

•ref Reference input current 

Deviation of reference input current 
Iref(dev) + 

over full temperature range * 

Minimum cathode current 

■min 

for regulation 

l Q ff Off-state cathode current 

l z kal Dynamic impedance 5 


TEST CONDITIONS 

VKA = Vref- l K = *0 ™A 

V« A = V re f, l« = 10 mA, T A = full range* 

av ka = 10 V - v ref 

l|^ = 10 mA - 

AV KA = 36 V - 10 V 

l K = 10 mA, R1 = 10 kfi, R2 = oo 
l K = 10 mA, R1 = 10 kfi, R2 = c», 

T A = full range* 


Vka = 36 V, V ref = 0 _ 

V« A = V re f, l« = 1 mA to 100 mA, 
f <S 1 kHz 


TL431M 

TL431I 

TL431C 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

2400 2495 

2600 

2440 

2495 

2550 

2440 2495 

2550 

22 


5 

30 

4 

17 

-1.4 

-3 


-1.4 

-2.7 

-1.4 

-2.7 

- 1 

-2.3 


-1 

-2 

-1 

-2 

2 

8 


2 

4 

2 

4 

1 


0.8 

2.5 

0.4 

1.2 

0.4 

1.5 

0.4 1 

0.4 1 

0.1 

3 

0.1 1 

0.1 1 

0.2 

0.9 


0.2 

0.5 

0.2 

0.5 


£ 
»• 


T Full temperature range is -55°C to 125°C for the TL431M, -40°C to 85°C for the TL431I, and 0°C to 70°C for the TL431C. 

* The deviation parameters V ref {dev) an< * Wtdev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The average full-range 
temperature coefficient of the reference input voltage, “V re f is defined as: 


Max V re f J-- - 


/ V ref(dev) \ v -,06 
\v ref @25°cl X10 
AT A 


I V ref(dev) 

_!— A 


where AT A is the rated operating free-air temperature range of the device, H-AT A -W 

a\/ref can tie positive or negative depending on whether minimum V re f or maximum V re f, respectively, occurs at the lower temperature (see Figure 8 ). 
Example: Max V ref = 2496 mV @ 30°C, Min V ref = 2492 mV (5) 0°C, V ref = 2495 mV @ 25°C, AT A = 70°C for TL431C 

pLmNq x1()6 

. . _ \2495 mV/ „ nnm , 0f 

I “Vref I - 70 o C ~ 23 ppm/ C 

Because minimum V re f occurs at the lower temperature, the coefficient is positive. 

5 The dynamic impedance is defined as: 


When the device is operated with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 

. ,, AV , . / R1 \ 

1*1 =-TT - I *ka I 1+^5 
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electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 



PARAMETER 

TEST 


TL431AI 

TL431AC 

UNIT 

CIRCUIT 



MIN TYP 

MAX 

MIN TYP 

MAX 

Vref 

Reference input voltage 

1 

> 

11 

< 

> 

lK = 10 mA 

2470 2495 

2520 

2470 2495 

2520 

mV 

V ref(dev) 

Deviation of reference input voltage 
over full temperature range* 

1 

V KA = V re f, 

lK = 10 mA, Ta = full range* 

5 

25 

4 

15 

mV 

AV ref 

Ratio of change in reference 
input voltage to the change 
in cathode voltage 


IK = 10 mA 

av ka = 10 V - v ref 

-1.4 

-2.7 

-1.4 

-2.7 

mV 

av K a 


AKva = 36 V - 10 V 

-1 

-2 

-1 

-2 

V 

! ref 

Reference input current 

2 

IK = 10 mA, 

R1 = 10 kn, R2 = 00 

2 

4 

2 

4 

^A 

*ref(dev) 

Deviation of reference input current 
over full temperature range* 

2 

l K = 10 mA, R1 = 10 kQ, R2 = w, 

Ta = full range* 

0.8 

2.5 

0.8 

1.2 

m a 

Imin 

Minimum cathode current 

for regulation 

1 

V KA = V re f 

0.4 

0.7 

0.4 

0.6 

mA 

*off 

Off-state cathode current 

3 

V KA = 36 V, Vref = 0 

0.1 

0.5 

0.1 

0.5 

m a 

l z kal 

Dynamic impedance 5 

1 

VKA = Vref, 
f < 1 kHz 

lK = 1 mA to 100 mA, 

0.2 

0.5 

0.2 

0.5 




^Full temperature range is -40°C to 85°C for TL431AI and 0°C to 70°C for TL431AC. 

*The deviation parameters V re f(dev) and *ref(dev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The 
average full-range temperature coefficient of the reference input voltage, aV re f, is defined as: 


i i / ppm 1 

l«Vrefl = 


/_Vrefldeyl _\ 1o6 
\ v ref <8> 25°C / 


AT A 



where ATa is the rated operating free-air temperature range of the device. 

“Vref can be positive or negative depending on whether minimum V re f or maximum V re f, respectively, occurs at the lower temperature. 
5 The dynamic impedance is defined as: |z|< a | = 

When the device is operating with two external resistors, see figure 2, the total dynamic impedance of the circuit is given by: 


|z'| = — , which is approximately equal to 
Al 


l 2 kal (1+55) 
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TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 



TYPICAL CHARACTERISTICS 


CATHODE CURRENT 

VS 

CATHODE VOLTAGE 



VKA = 

Vref 






Ta - 

25°C 


































J 






/ 






/ 






/ 






-10 12 
V KA — Cathode Voltage —V 
FIGURE 4 


CATHODE CURRENT 
vs 

CATHODE VOLTAGE 


< 

a. 

I 

| 400 

3 

o 



I 

m 

I 


V KA — Cathode Voltage—V 
FIGURE 5 
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TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 



OFF-STATE CATHODE CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 

T/^—Free-Air Temperature— °C 
FIGURE 6 


NOISE VOLTAGE 
vs 



10 40 100 400 1 k 4 k 10 k 40 k 100 k 

f—Frequency—Hz 
FIGURE 7 


REFERENCE INPUT VOLTAGE 
vs 



-75 -50 -25 0 25 50 75 100 125 

Ta—F ree-Air Temperature — °C 
FIGURE 8 


REFERENCE INPUT CURRENT 
vs 


< 

I 


cc 

I 



-75 -50 -25 0 25 50 75 100 125 

Ta~ Free-Air Temperature — °C 
FIGURE 9 


^For TL431I, TL431AI, TL431C, and TL431AC, the data applies only for the portions of the curves that lie within their recommended 
operating temperature ranges. 

*Data is for devices having the indicated value of V re f at Ik = 10 mA, T/\ = 25°C. 
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TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 
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ADJUSTABLE PRECISION SHUNT REGULATORS 
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IK —Cathode Current 


TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 

150 o 1 50 n 




STABILITY BOUNDARY CONDITIONS 



t The areas under the curves represent conditions that may cause the device to oscillate. For curves B, C, and D, R2 and V + were adjusted 
to establish the initial V«a and k conditions with C|_ = 0. V+ and Cl were then adjusted to determine the ranges of stability. 

FIGURE 15 
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TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL APPLICATIONS 


v+ 



FIGURE 16. SHUNT REGULATOR FIGURE 17. SINGLE-SUPPLY 

COMPARATOR WITH 
TEMPERATURE-COMPENSATED 
THRESHOLD 



FIGURE 18. SERIES REGULATOR FIGURE 19. OUTPUT CONTROL OF 

A THREE-TERMINAL 
FIXED REGULATOR 
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TL431M, TL4311, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL APPLICATIONS 



FIGURE 20. HIGHER-CURRENT FIGURE 21. CROWBAR 

SHUNT REGULATOR 



FIGURE 22. OVER-VOLTAGE/UNDER-VOLTAGE 
PROTECTION CIRCUIT 
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TL431M, TL431I, TL431AI, TL431C, TL431AC 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL APPLICATIONS 



Low limit * V re f (1 + ) LED ON WHEN 

LOW HIGH 

High limit * V re f (l + L,M,T LIMIT 

FIGURE 23. VOLTAGE MONITOR 



Delay - R*C*ln 


(V + ) - v ref 


FIGURE 24. DELAY TIMER 




FIGURE 25. CURRENT LIMITER OR 
CURRENT SOURCE 


FIGURE 26. CONSTANT-CURRENT SINK 
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TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


F # Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink or 
Source Current 

• Output Control Selects Single-Ended or 
Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply, 5% 

• Circuit Architecture Allows Easy 
Synchronization 

• TL493 has Output Current-Limit Sensing 

• TL495 has On-Chip 39-V Zener and External 
Control of Output Steering 

description 

The TL493, TL494, and TL495 each incorporate 
on a single monolithic chip all the functions 
required in the construction of a pulse-width- 
modulation control circuit. Designed primarily for 
power supply control, these devices offer the 
systems engineer the flexibility to tailor the 
power supply control circuitry to his application. 

The TL493 contains an error amplifier, current- 
limiting amplifier, an on-chip adjustable 
oscillator, a dead-time control comparator, pulse¬ 
steering control flip-flop, a 5-volt, 5%-precision 
regulator, and output-control circuits. 

The error amplifier exhibits a common-mode 
voltage range from -0.3 volts to Vcc -2 volts. 
The current-limit amplifier exhibits a common¬ 
mode voltage range from -0.3 volts to 3 volts 
with an offset voltage of approximately 80 
millivolts in series with the inverting input to ease 
circuit design requirements. The dead-time 
control comparator has a fixed offset that 
provides approximately 5% dead time when 
externally altered. The on-chip oscillator may be 
bypassed by terminating Rj (pin 6) to the 
reference output and providing a sawtooth input 
to Cy (pin 5), or it may be used to drive the 
common circuits in synchronous multiple-rail 
power supplies. 
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TL493C . ..D OR N PACKAGE 


V NONINV INPUT 
MP1 l INV INPUT) 
FEEDBACK 
DEAD-TIME CONTROL! 

C T 

Rt! 
gnd| 
Cl I 



NONINV INPUT 
INV INPUT J L 
REF OUT 

OUTPUT CONTROL 

VCC 

C2 


CURRENT 
LIMIT AMP 


TL494I, TL494C . . . D, J, OR N PACKAGE 
(TOP VIEW) 


^ < NONINV INPUTL 

l invinputC 
FEEDBACK^ 
DEAD-TIME CONTROL^ 

CtC 

RtC 

gndC 

ciC 


✓ 16 J NON IN V INPUT J> r 
15 UlNV INPUT 
14 ]REF OUT 
13 I] OUTPUT CONTROL 
12 H VCC 
11 H C2 


TL495C . . . N PACKAGE 


RRORJ NONINV INPUT(_ 1 
mpi i invinputC 2 

feedbackC 3 

DEAD-TIME CONTROL C 4 

ctC 5 
Rt C 6 
gndC 7 

ciC 8 


/18 J NONINV INPUT LERI 
17 ]]INV INPUT f AM 

i6 Href out 
15 H Vz 

14]]0UTPUT CONTROL 
13 ^STEERING INPUT 
12 H V CC 
11 H C2 
10 H E2 


DEVICE TYPES, SUFFIX VERSIONS. AND PACKAGES 



TL493 

TL494 

TL495 

TL49-I 

* 

D,J,N 

* 

TL49-C 

D,N 

D,J,N 

N 


*These combinations are not defined by this data sheet. 


FUNCTION TABLE 


INPUTS 

OUTPUT FUNCTION 

OUTPUT 

CONTROL 

STEERING 

INPUT 

(TL495 only) 

o 

it 

> 

Open 

Single-ended or parallel output 

V| = v ref 

Open 

Normal push-pull operation 

V| = V ref 

< 

H 

o 

PWM Output at Q1 

< 

II 

< 

CD 

V| = v ref 

PWM Output at Q2 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL493, TL494, TL495 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


description (continued) 

The uncommited output transistors provide either common-emitter or emitter-follower output capability. Each 
device provides for push-pull or single-ended output operation, which may be selected through the output-control 
function. The architecture of these devices prohibits the possibility of either output being pulsed twice during 
push-pull operation. 


2 


The TL493 and TL494 are similar except that an additional error amplifier is included in the TL494 instead of 
a current-limiting amplifier. The TL495 provides the identical functions found in the TL494. In addition, it contains 
an on-chip 39-volt diode for high-voltage applications where Vqc is greater than 40 volts, and an output-steering 
control that overrides the internal control of the pulse-steering flip-flop. 

The TL494I is characterized for operation from -25°C to 85°C. The TL493C, TL494C, and TL495C are 
characterized for operation from 0°C to 70°C. 


functional block diagram 
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TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


2 


NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25 °C 
POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE T A 

T A - 70 °C 
POWER RATING 

T A - 85 °C 
POWER RATING 

D 

900 

7.6 mW/°C 

25 °C 

608 mW 

494 mW 

J 

1000 

8.2 mW/°C 

28 °C 

656 mW 

533 mW 

N 

1000 

9.2 mW/°C 

41 °C 

736 mW 

598 mW 


recommended operating conditions 



TL494I 

TL493C 

TL494C 

TL495C 

UNIT 


MIN 

MAX 

MIN 

MAX 


Supply voltage, Vqc 

7 

40 

7 

40 

V 

Amplifier input voltages, V| 

-0.3 

v CC-2 

-0.3 

VcC-2 

V 

Collector output voltage, Vo 

40 

40 

V 

Collector output current (each transistor) 

200 

200 

mA 

Current into feedback terminal 

0.3 

0.3 

mA 

Timing capacitor, Cj 

0.47 

10 000 

0.47 

10 000 

nF 

Timing resistor, Rj 

1.8 

500 

1.8 

500 

kQ 

Oscillator frequency 

1 300 

1 300 

kHz 

Operating free-air temperature, T A 

-25 

85 

0 

70 

°C 
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TL494I 

TL493C 

TL494C 

TL495C 

UNIT 

Supply voltage, Vqc (see Note 1) 

41 

41 

41 

V 

Amplifier input voltage 

Vcc + 0.3 

Vcc + 0.3 

Vcc + 0.3 

V 

Collector output voltage 

41 

41 

41 

V 

Collector output current 

250 

250 

250 

mA 

Continuous total dissipation 

See Dissipation Rating Table 

Operating free-air temperature range 

-25 to 85 

0 to 70 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) 
from case for 60 seconds: J package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) 
from case for 10 seconds: D or N package 

260 

260 

260 

°C 
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TL493, TL494, TL49S 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vqc -15 V, 
f - 10 kHz (unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS* 

TL493C 

TL494I, TL494C 

TL495C 

UNIT 

MIN TYP* MAX 

Output voltage (V re f) 

Iq = 1 mA 

4.75 5 5.25 

V 

Input regulation 

Vcc = 7 V to 40 V 

2 25 

mV 

Output regulation 

Iq = 1 to 10 mA 

1 15 

mV 

Output voltage change 
with temperature 

AT A = MIN to MAX 

0.2% 1% 


Short-circuit output current § 

< 

CD 

II 

o 

35 

mA 


oscillator section (see Figure 1) 


PARAMETER 

TEST CONDITIONS* 

TL493C 

TL494I, TL494C 

TL495C 

MIN TYP* MAX 

UNIT 

Frequency 

C T = 0.01 fiF, R T = 12 kfi 

10 

kHz 

Standard deviation of frequencyf 

All values of Vqc, Cj, Rj, and 

T A constant 

10% 


Frequency change with voltage 

Vcc = 7 V to 40 V, T A = 25 °C 

0.1% 

Frequency change with temperature# 

C T = 0.01 M F, Rj = 12 kfl, 

AT A = MIN to MAX 

1% 


amplifier sections (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Input offset voltage 

Error 

Vq (pin 3) = 2.5 V 

2 10 

mV 

Current-limit 

(TL493 only) 

80 

Input offset current 

V 0 (pin 3) = 2.5 V 

25 250 

nA 

Input bias current 

V 0 (pin 3) = 2.5 V 

0.2 1 

/*A 

Common-mode input 
voltage range 

Error 

Vcc = 7 V to 40 V 

-0.3 to 

VCC-2 

V 

Current limit 

(TL493 only) 

-0.3 to 3 

Open-loop voltage 
amplification 

Error 

AV 0 = 3 V, R L = 2 kfi Vq = 0.5 V to 3.5 V 

70 95 

dB 

Current-limit 

(TL493 only) 

90 

Unity-gain bandwidth 

V 0 = 0.5 V to 3.5 V R L = 2 kB 

800 

kHz 

Common-mode 

rejection ratio 

Error 

AV 0 = 40 V, T A = 25 °C 

65 80 

dB 

Current-limit 

(TL493 only) 

70 

Output sink current (pin 3) 

V| D = -15 mV to -5V, V ( pi n3) = 0.7 V 

0.3 0.7 

mA 

Output source current (pin 3) 

V| D = 15 mV to 5 V, V (Din 3) = 3.5 V 

-2 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
^ All typical values except for parameter changes with temperature are at T A = 25 °C. 

§ Duration of the short-circuit should not exceed one second. 

1 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula a 
#Temperature coefficient of timing capacitor and timing resistor not taken into account. 


N 

D (x n - X) 2 
n = 1 
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TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc “15V, 
f * 10 kHz (unless otherwise noted) 


output section 


PARAMETER 

TEST CONDITIONS 

TL493C 

TL494I, TL494C 

TL495C 

UNIT 

MIN TYPt MAX 

Collector off-state current 

V C E = 40 V, V C C = 40 V 

2 100 

m a 

Emitter off-state current 

Vcc = V C = 40 V, V E = 0 

-100 

mA 

Collector-emitter 

saturation voltage 

Common-emitter 

V E =0, lc = 200 mA 

1.1 1.3 

V 

Emitter-follower 

V C = 15 V, l E = -200 mA 

1.5 2.5 

Output control input current 

< 

II 

< 

(D 

3.5 

mA 


dead-time control-section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input bias current (pin 4) 

V| = 0 to 5.25 V 

-2 -10 

/*A 

Maximum duty cycle, each output 

V| (pin 4) = 0, C T = 0.1 fiF, R T = 12 kfi 

45% 


Input threshold voltage (pin 4) 

Zero duty cycle 

3 3.3 

V 

Maximum duty cycle 

0 


pwm comparator section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP t MAX 

UNIT 

Input threshold voltage (pin 3) 

Zero duty cycle 

4 4.5 

V 

Input sink current (pin 3) 

V( D in 3) = 0.7 V 

0.3 

0.7 

mA 


steering control (TL495 only) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

Input current 

V| = 0.4 V 

-200 

m a 

V| = 2.4 V 

200 


zener-diode circuit (TL495 only) 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Breakdown voltage 

Vcc = 41 V, l z = 2 mA 

39 

V 

Sink current 

V|(pin 15) ~ IV 

0.3 

mA 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

Standby supply current 

Pin 6 at V re f, 

V CC = 15 V 

6 

10 

mA 

All other inputs and outputs open 

V CC = 40 V 

9 

15 

Average supply current 

V|(pin 4 ) = 2 V, 

See Figure 1 

7.5 

mA 


switching characteristics, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

Output voltage rise time 

Common-emitter configuration, 

100 

200 

ns 

Output voltage fall time 

See Figure 3 

25 

100 

ns 

Output voltage rise time 

Emitter-follower configuration. 

100 

200 

ns 

Output voltage fall time 

See Figure 4 

40 

100 

ns 


^All typical values except for temperature coefficient are at T/\ = 25 °C. 
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TL493, TL494, TL495 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 

V CC =15V 


TEST J 
INPUTS | 


£ 


“ 0.01 juF H 


v cc 


DEAD-TIME 

Cl 


El 

FEEDBACK 


Rt 

C2 

C T 

E2 

(+) 1 

STEERING 

(-) 1 

CONTROL 

>ERROR 

v z 

1+1 f 

(-)J 

OUTPUT 

CONTROL 

REF 

OUT 


GND 

T 


TEST CIRCUIT 


VOLTAGE 
AT Cl 


150 £2 
2 W 


150 £2 
2 W 


TL 


(OPEN) 


(OPEN) 


} 


TL495 

ONLY 


V CC 


V CC 


AT C T 





FIGURE 1. OPERATIONAL TEST CIRCUIT AND WAVEFORMS 
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TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


AMPLIFIER 



AMPLIFIER 


FEEDBACK 

TERMINAL 


FIGURE 2. AMPLIFIER CHARACTERISTICS 


15 V 




TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 3. COMMON-EMITTER CONFIGURATION 



15 V 





OUTPUT VOLTAGE WAVEFORM 


FIGURE 4. EMITTER-FOLLOWER CONFIGURATION 
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TL496C 

9 VOLT POWER-SUPPLY CONTROLLER 


• Internal Step-Up Switching Regulator 

• Fixed 9-Volt Output 

• Charges Battery Source During Transformer- 
Coupled-Input Operation 

• Minimum External Components Required 
(1 Inductor, 1 Capacitor, 1 Diode) 

• 1- or 2-Cell-Input Operation 


D2486, AUGUST 1978-REVISED FEBRUARY 1988 


D OR P PACKAGE 
(TOP VIEW) 


FEEDBACK C 
( 2CC 
INPUT < ICC 

l tC. 


TO7 

2 7 

3 6 

4 5 


J OUTPUT 
GND 

Dsw 

GND 


Pins 5 and 7 are connected together internally. 


description 

The TL496 power supply control circuit is designed to provide a 9-volt regulated supply from a variety 
of input sources. Operable from a 1- or 2-cell battery input, the TL496 performs as a switching regulator 
with the addition of a single inductor and filter capacitor. When ac coupled with a step-down transformer, 
the TL496 operates as a series regulator to maintain the regulated output voltage and, with the addition 
of a single catch diode, time shares to recharge the input batteries. 


2 


The design of the TL496 allows minimal supply current drain during stand-by operation (125 fiA typical). 
With most battery sources this allows a constant bias to be maintained on the power supply. This makes 
power instantly available to the system thus eliminating power-up sequencing problems. 


functional block diagram 


T INPUT —-H- 


(3-V) (2) 
2C INPUT' 


(1.5-V) (3) 
1C INPUT “ 


9-V 

i SERIES I 
REGULATOR 


SWITCHING 
I VOLTAGE 
I REGULATOR 
CONTROL 


( 8 ) 


( 1 ) 

( 6 ) 


< 


|(5) See Note 1 


1(7) 


OUTPUT 


FEEDBACK 

SWITCH 


NOTE 1: Pins 5 and 7, though connected together internally, must both be terminated to ground to ensure proper circuit operation. 


absolute maximum ratings 

Input voltage: 

Pin 2. 

Pin 3. 

Pin 4. 

Output voltage (Pin 6). 

Diode reverse voltage (Pin 8). 

Switch current (Pin 6). 

Diode current (Pin 8). 

Continuous total dissipation. 

Operating free-air temperature range. 

Storage temperature range . 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


. 3.5 V 

. 2.5 V 

. 20 V 

. 12 V 

. 12 V 

. 1.2 A 

. 1.2 A 

See Dissipation Rating Table 

. 0°C to 70°C 

. - 65 °C to 1 50 °C 

. 260°C 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL496C 

9-VOLT POWER-SUPPLY CONTROLLER 


DISSIPATION RATING TABLE 


PACKAGE 

T a < 25°C 

DERATING 

T A - 70°C 

POWER RATING 

FACTOR 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

P 

1000 mW 

8.0 mW/°C 

640 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, one-cell operation (pins 2 and 3 to ground) 

1.1 1.5 

V 

Input voltage, two-cell operation (pin 2 to ground) 

2.3 

3 

V 

Input voltage, one-cell or two-cell operation (pin 4 to ground) 

V 0 + 2 

20 

V 


electrical characteristics at 25 °C free-air temperature 
series regulator section (input is pin 4) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Dropout voltage 

V| = 5 V, Iq = -50 mA 


1.5 

2 

V 


V|= 20 V 

•o = 

-50 ix A 

9.5 

10.1 

11.2 


Regulated output voltage 

•o = 

- 80 mA 

9.0 

10.0 

11.0 


V| = 20 V, 

•o = 

-50 ix A 

8.5 

9.0 

9.7 



Pin 1 shorted to pin 8 

•o = 

- 80 mA 

6.7 

8.6 

9.5 


Standby current (pin 4) 

V| = 20 V, Pin 8 at 12 V 

400 

/*A 

Reverse current thru pin 4 

V| = -1.5 V, 1 mA into 

pin 8 


-25 

ix A 


output switch 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

MAX 

VcE(sat) Collector-emitter saturation voltage 

800 mA into pin 6, Pin 2 at 2.25 V 

0.35 0.6 

V 


diode (pin 6 to pin 8) 


| PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

v F 

Forward voltage 

l F = 1.5 A 


1.6 

2.5 

V 

|r 

Reverse current thru pin 6 

Pin 6 at 0 V, 

1 mA into pin 8 

! -20 | 

ix A 


control section 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

On-state current (pin 2) 

Pins 1 and 8 at 0 V, Pin 2 at 3 V 

60 100 

mA 

Standby current (pin 1) 

Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

40 


Standby current (pin 2 and 6) 

Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

400 

ix A 

Start-up current (current into 
pin 6 to initiate cycle) 

Pins 1, 2, 6 and 8 at 2.25 V 

16 

mA 
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TL496C 

9-VOLT POWER-SUPPLY CONTROLLER 


TYPICAL APPLICATION DATA 


CIRCUIT COMPONENT INFORMATION 

D1: 1N4001 




L CIRCUIT COMPONENT INFORMATION 



typical electrical characteristics for circuits above 


PARAMETER 

ONE-CELL OPERATION (FIGURE 1) 

TWO-CELL OPERATION (FIGURE 2) 

Input current 

No load 

125 uA 

125 uA 

R L = 120 fl 

525 mA 

405 mA 

Output voltage 

Without T1 

7.2 V 

8.6 V 

With T1 

8.6 V 

10 V 

Output current capability 

40 mA 

80 mA 

Efficiency 

66% 

66% 

Battery life (AA NiCad) no load 

60 days 

166 days 
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TL496C 

9-VOLT POWER-SUPPLY CONTROLLER 


functional description 

The TL496 is designed to operate from either a single-cell or two-cell source. To operate the device from 
a single-cell (1.1 V to 1.5 V) the source must be connected to both inputs 1C and 2C as shown in Figure 1. 
For two-cell operation (2.3 V to 3.0 V), the input is applied to the 2C input only and the 1C input is left 
open (see Figure 2). 


2 


battery operation 

The TL496 operates as a switching regulator from a battery input. The cycle is initiated when a low voltage 
condition is sensed by the internal feedback (the thresholds at pin 1 and pin 8 are approximately 7.2 and 
8.6 volts respectively). An internal latch is set and the output transistor is turned "on.” This causes the 
current in the external inductor (L) to increase linearly until it reaches a peak value of approximately 
1 ampere. When the peak current is sensed the internal latch is reset and the output transistor is turned 
"off.” The energy developed in the inductor is then delivered to the output storage capacitor through the 
blocking diode. The latch remains in the off state until the feedback signal indicates the output voltage 
is again deficient. 


transformer-coupled operation 

The TL496 operates on alternate half cycles of the ac input during transformer-coupled operation to, first, 
sustain the output voltage and, second, recharge the batteries. The TL496 performs like a series regulator 
to supply charge to the output filter/storage capacitor during the first half cycle. The output voltage of 
the series regulator is slightly higher voltage than that created by the switching circuit; this maintains the 
feedback voltage above the switching regulator control circuit threshold. This effectively inhibits the 
switching control circuitry. During the second half cycle an external diode (1 N4001) is used to clamp the 
negative going end of the transformer secondary to ground thus allowing the positive-going end (end 
connected to V + side of battery) to pump charge into the stand-by batteries. 
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TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


• High Efficiency . . . 60% or Greater 

• Output Current . . . 500 mA 


D2225, JUNE 1976-REVISED OCTOBER 1988 


TL497AM . . . J PACKAGE 
TL497AI, TL497AC . . . D, J, OR N PACKAGE 
(TOP VIEW) 


r # Input Current Limit Protection 
• TTL Compatible Inhibit 
• Adjustable Output Voltage 
• Input Regulation . . . 0.2% Typ 
• Output Regulation . . . 0.4% Typ 
• Soft Start-up Capability 

description 


COMP INPUT Z 
INHIBIT Z 
FREQ CONTROL £ 
SUBSTRATE Q 
GND Z 
CATHODE Z 
ANODE Z 


TJl 


H vcc 

D CUR LIM SENS 
I] BASE DRIVE* 
DBASE* 

HCOL OUT 

Unc 

Demit out 


NC — No internal connection 

*The Base pin (#11) and Base Drive pin (#12) are used for device 
testing only. They are not normally used in circuit applications 
of the device. 



The TL497A incorporates on a single monolithic chip all the active functions required in the construction 
of a switching voltage regulator. It can also be used as the control element to drive external components 
for high-power-output applications. The TL497A was designed for ease of use in step-up, step-down, or 
voltage inversion applications requiring high efficiency. 


The TL497A is a fixed-on-time variable-frequency switching voltage regulator control circuit. The on-time 
is programmed by a single external capacitor connected between the frequency control pin and ground. 
This capacitor, Ct, is charged by an internal constant-current generator to a predetermined threshold. The 
charging current and the threshold vary proportionally with Vcc* thus the one time remains constant over 
the specified range of input voltage (5 to 12V). Typical on-times for various values of Cj are as follows: 


TIMING CAPACITOR, Cj (pF) 

200 

250 

350 

400 

500 

750 

1000 

1500 

2000 

ON-TIME (ns) 

19 

22 

26 

32 

44 

56 

80 

120 

180 


The output voltage is controlled by an external resistor ladder network (R1 and R2 in Figures 1, 2, 
and 3) that provides a feedback voltage to the comparator input. This feedback voltage is compared to 
the reference voltage of 1.2 V (relative to the substrate pin) by the high-gain comparator. When the output 
voltage decays below the value required to maintain 1.2 V at the comparator input, the comparator enables 
the oscillator circuit, which charges and discharges Cj as described above. The internal pass transistor 
is driven on during the charging of Ct- The internal transistor may be used directly for switching currents 
up to 500 mA. Its collector and emitter are uncommitted and it is current driven to allow operation from 
the positive supply voltage or ground. An internal Schottky diode matched to the current characteristics 
of the internal transistor is also available for blocking or commutating purposes. The TL497A also has 
on-chip current-limit circuitry that senses the peak currents in the switching regulator and protects the 
inductor against saturation and the pass transistor against overstress. The current limit is adjustable and 
is programmed by a single sense resistor, Rcl, connected between pin 14 and pin 13. The current-limit 
circuitry is activated when 0.7 V is developed across RcL* External gating is provided by the inhibit input. 
When the inhibit input is high, the output is turned off. 

Simplicity of design is a primary feature of the TL497A. With only six external components (three resistors, 
two capacitors, and one inductor), the TL497A will operate in numerous voltage conversion applications 
(step-up, step-down, invert) with as much as 85% of the source power delivered to the load. The TL497A 
replaces the TL497 in all applications. 

The TL497AM is characterized for operation over the full military temperature range of - 55 °C to 125 °C, 
the TL497AI is characterized for operation from -25°C to 85 °C, and the TL497AC from 0°C to 70°C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


functional block diagram 



BASE 
BASE DRIVE 

CUR LIM SENS 

FREQ CONT 
INHIBIT 
COMP INPUT 

SUBSTRATE 

CATHODE 


( 11 ) + 


( 6 ) 



-d*- 


(7) 


f The Base pin (#11) and Base Drive pin (#12) are used for device testing only. They are not normally used in circuit applications of the device. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Input voltage, Vqc (see Note 1). 15V 

Output voltage. 35 V 

Comparator input voltage. 5 V 

Inhibit input voltage . 5 V 

Diode reverse voltage. 35 V 

Power switch current. 750 mA 

Diode forward current . 750 mA 

Continuous total dissipation. See Dissipation Rating Table 

Operating free-air temperature range: TL497AM . -55°C to 125°C 

TL497AI . -25°C to 85 °C 

TL497AC. 0°C to 70 °C 

Storage temperature range . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package . 260°C 


NOTE 1. All voltage values except diode voltages are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25 °C 
POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE T A 

T A - 70°C 
POWER RATING 

T A - 85 °C 
POWER RATING 

T A - 125°C 
POWER RATING 

D 

950 mW 

7.6 mW/°C 

25 °C 

608 mW 

494 mW 


J (TL__ AM) 

1000 mW 

11.0 mW/°C 

59 °C 

880 mW 

715 mW 

275 mW 

J (TL _ Al) 

1000 mW 

8.2 mW/°C 

28 °C 

656 mW 

533 mW 


N 

1000 mW 

9.2 mW/°C 

41 °C 

736 mW 

598 mW 
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TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, V| 

4.5 

12 

V 

High-level inhibit input voltage, V||_| 

2.5 

V 

Low-level inhibit input voltage, V||_ 

0.8 

V 


Step-up configuration (see Figure 1) 

V| + 2 

30 


Output voltage 

Step-down configuration (see Figure 2) 

V re f 

V| — 1 

V 


Inverting regulator (see Figure 3) 

“ v ref 

-25 


Power switch current 

500 

mA 

Diode forward current 

500 

mA 


electrical characteristics at specified free-air temperature, V| = 6 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TL497AM, TL497AI 

TL497AC 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

High-level inhibit input current 

V|(|) = 5 V 

Full range 

0.8 1.5 

0.8 1.5 

mA 

Low-level inhibit input current 

V|(|) = o V 

Full range 

5 20 

5 10 

^A 

Comparator reference voltage 

V| = 4.5 V to 6 V 

Full range 

1.14 1.20 1.26 

1.08 1.20 1.32 

V 

Comparator input bias current 

V| = 6 V 

Full range 

40 100 

40 100 

iiA 

Switch on-state voltage 

V| = 4.5 V 

lO = 100 mA 

25 °C 

0.13 0.2 

0.13 0.2 

V 

Iq = 500 mA 

Full range 

1 

0.85 

Switch off-state current 

V| = 4.5 V, Vq = 30 V 

25 °C 

10 50 

10 50 

/ iA 

Full range 

500 

200 

Current-limit sense voltage 

V| = 6 V 

25°C 

0.45 1 

0.45 1 

V 

Diode forward voltage 

lO = 10 mA 

Full range 

0.75 0.95 

0.75 0.85 

V 

Iq = 100 mA 

Full range 

0.9 1.1 

0.9 1 

lO = 500 mA 

Full range 

1.33 1.75 

1.33 1.55 

Diode reverse voltage 

Iq = 500 /iA 

Full range 

30 


V 

Iq = 200 fiA 

Full range 


30 

On-state supply current 


25 °C 

11 14 

11 14 

mA 

Full range 

16 

15 

Off-state supply current 


25 °C 

6 9 

6 9 

mA 

Full range 

11 

10 


* Full range for TL497AM is - 55 °C to 125 °C, for TL497AI is - 25 °C to 85 °C, and for TL497AC is 0 °C to 70 °C. 
^ All typical values are at T/^ = 25 °C. 
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TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 

RCL l design equations 

• Ipk = 2 lo max 

• L = [“ton( ms) 

Choose L (50 to 500 jiiH), calculate 
ton (25 to 150 jus) 

• Cj(pF)« 12t on ()Us) 

• R1 = (Vo-1.2) k£2 


0.5 V 

BASIC CONFIGURATION * R CL = ~- 

(l PK < 500 mA) PK 





EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 

FIGURE 1. POSITIVE REGULATOR, STEP-UP CONFIGURATIONS 
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TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


r cl L 



BASIC CONFIGURATION 
IpK < 500 mAj 



DESIGN EQUATIONS 


• Ipk = 2 lo max 

V | — V 0 

• L [n H) =-t on (/is) 

IPK 

Choose L (50 to 500 /iH), calculate 
t on (10 to 150 ijls) 

• Cj(pF) « 12 ton(jus) 

• R1 = (V 0 — 1.2) k £1 

0.5 V 



• Cf(juF) ^ ton(jus) 


V| 

rr-'PK+IO 


v ripple (PK) 



EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 

FIGURE 2. POSITIVE REGULATOR, STEP-DOWN CONFIGURATIONS 
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TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


2 



BASIC CONFIGURATION 
(IpK < 500 mA) 



lp|< = 2 Iq max 


1 + 


ivpl 

V| 


V| 

• L (/uH) = — t on (jus) 
IPK 


Choose L (50 to 500 juH), calculate 
t 0 n (25 to 150 jus) 


• Cj(pF) % 12 ton(jus) 

• R2= (V 0 - 1.2) kft 


• Rcl = 


0.5 V 
IPK 


• C F (juF)^ 


t(Ms) 


f- 

Lvo 


IPK + IQ 


v ripple (PK) 


*Use external catch-diode, e.g., 1N4001, when building an 
inverting supply with the TL497A. 


EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 

FIGURE 3. INVERTING APPLICATIONS 
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TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 



EXTENDED INPUT CONFIGURATION WITHOUT CURRENT LIMIT 




DESIGN EQUATIONS 
V BE(Q1) 

Rcl=~- 

'limit (PK) 

V| 

R1 =- 

'B(Q2) 

R2 = (V reg —1) 10 k!2 


CURRENT LIMIT FOR EXTENDED INPUT CONFIGURATION 

FIGURE 4. EXTENDED INPUT VOLTAGE RANGE (V| > 15 V) 
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TL594I, TL594C, TL595C 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


I • Complete PWM Power Control Circuitry 
I • Uncommitted Outputs for 200-mA Sink or 
I Source Current 

I • Output Control Selects Single-Ended or 
I Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1% 

• Circuit Architecture allows Easy 
Synchronization 

• Under-Voltage Lockout for Low Vcc 
Conditions 

• TL595 has On-Chip 39-V Zener and External 
Control of Output Steering 

description 

The TL594 and TL595 devices each incorporates 
on a single monolithic chip all the functions 
required in the construction of a pulse-width- 
modulation control circuit. Designed primarily for 
power supply control, these devices offer the 
systems engineer the flexibility to tailor the power 
supply control circuitry to his application. 

The TL594 contains two error amplifiers, an on- 
chip adjustable oscillator, a dead-time control 
comparator, pulse-steering control flip-flop, 5-V 
regulator with a precision of 1%, an under¬ 
voltage lockout control circuit, and output control 
circuitry. 

The error amplifiers exhibit a common-mode 
voltage range from -0.3 V to Vcc -2 V. The 
dead-time control comparator has a fixed offset 
that provides approximately 5% dead time when 
externally altered. The on-chip oscillator may be 
bypassed by terminating Rj (pin 6) to the 
reference output and providing a sawtooth input 
to Cj (pin 5), or it may be used to drive the 
common circuitry in synchronous multiple-rail 
power supplies. 

The uncommitted output transistors provide 
either common-emitter or emitter-follower output 
capability. Each device provides for push-pull or 
single-ended output operation with selection by 


D2712, APRIL 1983-REVISED OCTOBER 1988 


TL594I, TL594C . . . D, J, OR N PACKAGE 
(TOP VIEW) 


ERROR (NONINV INPUT C 
AMP 1 ( INV INPUT L 

FEEDBACK C 
DEAD-TIME CONTROL C 

ctC 

RtC 

GND C 

ci C 



NONINV INPUT) ERROR 
INV INPUT } AMP 2 
REF OUT 

U OUTPUT CONTROL 

3 v C c 

3 C2 
E2 
PEI 


ERROR (NONINV INPUT C 
AMP 1 \ INV INPUT C 
FEEDBACK C 
DEAD-TIME CONTROL C 

c T C 

RtO 
GND C 7 
Cl C 8 

El C 9 


TL595C ... N 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

Uish NONINV INPUT) ERROR 


17 □ INV INPUT j AMP 2 
16 J REF OUT 

15 H Vz 

14 J OUTPUT CONTROL 
13 U STEERING INPUT 

12 D v C c 

i 3 C2 
3U E2 



FUNCTION TABLE 


INPUTS 

OUTPUT FUNCTION 

OUTPUT 

CONTROL 

STEERING 

INPUT 

(TL595 ONLY) 

V, <0 

Open 

Single-ended or parallel output 

*5 

>" 

Al 

> 

Open 

Normal push-pull operation 

Vl ^ v ref 

V| < 0 

PWM Output at Q1 

V| £ V ref 

_< 

IV 

< 

2. 

PWM Output at Q2 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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Tl RQAI Tl 5Q4P Tl RQRP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


description (continued) 

means of the output-control function. The architecture of these devices prohibits the possibility of either 
output being pulsed twice during push-pull operation. The undervoltage lockout control circuit locks the 
outputs off until the internal circuitry is operational. 

The TL595 provides the identical functions found in the TL594. In addition, the TL595 also contains an on-chip 
39-V zener diode for high-voltage applications where Vcc is greater than 40 V, and an output steering control 
that overrides the internal control of the pulse-steering flip-flop. 

The TL594I is characterized for operation from -25°C to 85°C. The TL594C and TL595C are characterized for 
operation from 0°C to 70°C. 

functional block diagram 
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Tl RQ/LI Tl RQ4P Tl RQRP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL594I 

TL594C 

TL595C 

UNIT 

Supply voltage, Vqq (see Note 1) 

41 

41 

V 

Amplifier input voltages 

Vcc+0.3 

Vqq+0.3 

V 

Collector output voltage 

41 

41 

V 

Collector output current 

250 

250 

mA 

Continuous total dissipation 

See Dissipation Rating Table 

Operating free-air temperature range 

-25 to 85 

Oto 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 

260 

260 

°C 


NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE T A 

T A = 70°C 

POWER RATING 

T A = 85°C 

POWER RATING 

D 

950 mW 

7.6 mW/°C 

25°C 

608 mW 

494 mW 

J 

1000 mW 

8.2 mW/°C 

28°C 

656 mW 

533 mW 

N 

1000 mW 

9.2 mW/°C 

41 °C 

736 mW 

598 mW 


recommended operating conditions 



TL594I 

TL594C 

TL595C 

UNIT 


WIN 

MAX 

MIN 

MAX 


Supply voltage, Vqq 

7 

40 

7 

40 

V 

Amplifier input voltages, V| 

-0.3 

Vqq-2 

-0.3 

o 

V 

Collector output voltage, Vq 

40 

40 

V 

Collector output current (each transistor) 

200 

200 

mA 

Current into feedback terminal 

0.3 

0.3 

mA 

Timing capacitor, Cj 

0.47 

10 000 

0.47 

10 000 

nF 

Timing resistor, Rj 

1.8 

500 

1.8 

500 

kft 

Oscillator frequency 

1 

300 

1 

300 

kHz 

Operating free-air temperature, Ta 

-25 

85 

0 

70 

°C 
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Tl RQ4I Tl RQAP Tl RQRP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V 
(unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS^ 

MIN 

TYP* 

MAX 

UNIT 

Output voltage (V re f) 

Iq = 1 mA, 

T A = 25°C 

4.95 

5 

5.05 

V 

Input regulation 

Vcc = 7 V to 40 V, 

T A = 25°C 


2 

25 

mV 

Output regulation 

Iq = 1 to 10 mA, 

T A = 25°C 


14 

35 

mV 

Output voltage change 
with temperature 

AT A = MIN to MAX 


0.2% 

1% 


Short-circuit output current§ 

Vref = 0 

10 

35 

50 

mA 


oscillator section (see Figure 2) 


PARAMETER 

TEST CONDITIONSt 

MIN TYP* MAX 

UNIT 

Frequency 


10 

kHz 

Standard deviation of frequency^ 

All values of Vqq, Cj, Rj, T a constant 

10% 


Frequency change with voltage 

VQC = 7 V to 40 V, T A = 25°C 

0.1% 


Frequency change with temperature 

AT A = MIN to MAX 

12% 



amplifier sections (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Input offset voltage, error amplifier 

Feedback pin at 2.5 V 

2 10 

mV 

Input offset current 

Feedback control at 2.5 V 

25 250 

nA 

Input bias current 

Feedback control at 2.5 V 

0.2 1 

pA 

Common-mode input voltage range, error 
amplifier 

Vcc = 7 V to 40 V 

-0.3 

to 

VCC-2 

V 

Open-loop voltage amplification, error 
amplifier 

RLV 0 = 0.5 V to 3.5 V 

70 95 

dB 

Unity-gain bandwidth 

Vo = 0.5 V to 3.5 V, Rl = 2 kft 

800 

kHz 

Common-mode rejection ratio, error amplifier 

Vcc = 40 V, T A = 25°C 

65 80 

dB 

Output sink current (pin 3) 

V|D = -15 mV to -5 V, Feedback control at 0.5 V 

h~ 

o 

CO 

d 

mA 

Output cource current (pin 3) 

V|D =15 mV to 5 V, Feedback at 3.5 V 

_ , 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values except for parameter changes with temperature are at T A = 25°C. 

§ Duration of the short-circuit should not exceed one second. 

^ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula 


a 


N 

2 (x n - X) 2 

n=1 


N - 1 
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Tl RQAI T1 RQAP Tl RQRP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V 
(unless otherwise noted) 

dead-time control section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Input bias current (pin 4) 

V| = 0 to 5.25 V 

-2 -10 

pA 

Maximum duty cycle, each output 

Dead-time control at 0 V 

45% 


Input threshold voltage (pin 4) 

Zero duty cycle 

CO 

CO 

co 

V 

Maximum duty cycle 

1 _°_ 1 


2 



' TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 



Vce = 40 V, 

V CC = 40 V 

2 

100 


Collector off-state current 


Vq = 15 V, 

Vcc = 1 to 3 V, 

> 

o 

II 

LU 

> 

4 

200 

pA 



Dead-time and output control pins at 0 V 




1 Emitter off-state current 

|V C C = V C = 40 V, 

O 

II 

LU 

> 

-100 

pA 

Collector-emitter 

Common-emitter 

o 

ll 

LU 

> 

1C = 200 mA 

1.1 

1.3 

v 

saturation voltage 

Emitter-follower 

Vc = 15 V, 

l E = -200 mA 

1.5 

2.5 


| Output control input current 

|V| = V ref 

1 3.5 

mA 


pwm comparator section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Input threshold voltage (pin 3) 

Zero duty cycle 

4 4.5 

V 

Input sink current (pin 3) 

V(p in 3) = 0.5 V 

0.3 0.7 

mA 


under-voltage lockout section (see Figure 2) 


PARAMETER 

TEST CONDITION* 

MIN MAX 

UNIT 

Threshold voltage 

T A = 25°C 

6 

V 

AT A = MIN to MAX 

3.5 6.9 

Hysteresis^ 


100 

mV 


total device (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

Standby supply current 

Pin 6 at V re f, 

< 

o 

o 

II 

cn 

< 

9 

15 

mA 

All other inputs and outputs open 

Vcc = 40 V 

11 

18 

Average supply current 

Dead-time Control at 2 V, 

See Figure 2 

12.4 

mA 


t All typical values except for parameter changes with temperature are at T A = 25°C. 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

§ Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 
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Tl RQAI Tl RQAP Tl RQRP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


switching characteristics, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

Output voltage rise time 

Common-emitter configuration, 

100 

200 


Output voltage fall time 

See Figure 3 

30 

100 


Output voltage rise time 

Emitter-follower configuration, 

200 

400 


Output voltage fall time 

See Figure 4 

45 

100 



t All typical values are at Ta = 25°C. 



PARAMETER MEASUREMENT INFORMATION 


AMPLIFIER 



FEEDBACK 

TERMINAL 
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Tl RQAI Tl RQ4P Tl RQRP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


Vcc = 15 v 


TEST 

INPUTS 



{ 

pq 


^•0.01 nFj—li 


so kn< 


vcc 


DEAD-TIME 

Cl 


El 

FEEDBACK 


Rt 

C2 

c T 

E2 

( + )1 

STEERING 

/_)| CONTROL 

>AMPLIFIERS 

(+)| v z 

OUTPUT 

CONTROL 

REF 

OUTPUT 


i ison 

2 W 

- OUTPUT 1 


— OUTPUT 2 

•(OPEN)! tl 5 9 5 
(OPEN)J ONLY 



TEST CIRCUIT 


VOLTAGE 
AT Cl 


VOLTAGE 

ATC2 



- -V C C 

0 



vcc 



FIGURE 2. OPERATIONAL TEST CIRCUIT AND WAVEFORMS 
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Tl RQAI Tl RQ4P Tl ROUP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


2 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 3. COMMON EMITTER CONFIGURATION 


15 V 



TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 4. EMITTER-FOLLOWER CONFIGURATION 
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Oscillator Frequency —Hz 


Tl RQAI Tl RQ4P Tl RQRP 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY and 
FREQUENCY VARIATIONt vs 
TIMING RESISTANCE 


=p= 

= 

E* 

— 


s 

-- 

--2% 

/ 

1°/ 


=t 


- 

— 


— 


i 

X 



i 


s 

— 

i 

= 

r 

— 

3 


-- 


_ 


-S 



Af=1% t 


AMPLIFIER VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 


— 




— 

Vcc - 

15 V 


\ 



AVq = 

_T A 

3 V 

25 °C - 



\ 


1 A 




\ 







\ 






\ 






1 

\ 






\ 







\ 






\ 


4 k 10 k 40 k 100 k 400 k 1 M 
Rj —Timing Resistance —0 


100 Ik 10 k 100 k 1 M 
f—Frequency — Hz 


t Frequency variation (At) is the change in oscillator frequency that occurs over the full temperature range. 


Instruments 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
































Data Sheets 


2 


2-152 



TL598 

PULSE-WIDTH-MODULATION CONTROL CIRCUIT 

D3026, FEBRUARY 1988-REVISED OCTOBER 1988 

• Complete PWM Power Control Function 

• Totem-Pole Outputs for 200-mA Sink or 
Source Current 

• Output Control Selects Parallel or Push-Pull 
Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply, Trimmed to 1% 

Tolerance 

• On-Board Output Current-Limiting Protection 

• Under-Voltage Lockout for Low Vcc 
Conditions 

• Independent Power and Signal Grounds 

• TL598Q Has Extended Temperature 
Range . . . -40°C to 125°C 

description 

The TL598 incorporates all the functions required in the construction of pulse-width-modulated controlled 
systems on a single monolithic chip. Designed primarily for power supply control, the TL598 provides the 
systems engineer with the flexibility to tailor the power supply control circuits to a specific application. 

The TL598 contains two error amplifiers, an internal oscillator (externally adjustable), a dead-time control 
comparator, a pulse-steering flip-flop, a 5-V precision reference, an under-voltage lockout control, and output 
control circuits. Two totem-pole outputs provide exceptional rise and fall time performance for power FET 
control. The outputs are designed with the collectors sharing a common source supply and common power 
grounds and are independent of Vqc and signal ground. 

The error amplifier has a common-mode voltage range from -0.3 V to Vcc -2 V. The dead-time control 
comparator has a fixed offset that prevents overlap of the outputs during push-pull operation. Synchronous 
multiple supply operation may be achieved by connecting pin 6 to the reference output and providing a 
sawtooth input to pin 5. 

The TL598 device provides an output control function to select either push-pull or parallel operation. Circuit 
architecture prevents either output from being pulsed twice during push-pull operation. 

The TL598Q is characterized for operation from -40°C to 125°C. The TL598C is characterized for 
operation from 0°C to 70°C. 


ERROR 
AMP 1 


D, J, OR N PACKAGE 
(TOP VIEW) 

NONINV INPUT Ml Ul6p NONINV INPUT 


INV INPUT C 2 
FEEDBACK C 3 
DEAD-TIME CONTROL C 4 
CtE 5 
R T C6 
SIGNAL GNDC 7 
0UT1 C 8 


3 INV INPUT 
3 ref OUT 
3 OUTPUT CONTROL 

D vcc 
Dv c 

3 POWER GND 
30UT2 


ERROR 
AMP 2 


FUNCTION TABLE 


INPUT 


OUTPUT 

CONTROL 

OUTPUT FUNCTION 

V| = GND 

Single-ended or parallel output 

> 

II 

> 

Normal push-pull operation 




PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL59S 

PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


logic diagram (positive logic) 



Rt- 

c T - 


DEAD- = 
TIME - 
CONTROL 

NONINVERTING _ 
INPUT 

INVERTING - 
INPUT 

NONINVERTING 

INPUT 

INVERTING _ 
INPUT 

FEEDBACK - 


OSCILLATOR 


DEAD-TIME CONTROL 
COMPARATOR 


o 


ERROR AMPLIFIER 


ERROR AMPLIFIER 


PWM 
COMPARATOR 


OUTPUT CONTROL 
(SEE FUNCTION TABLE) 


D 





PULSE-STEERING 

FLIP-FLOP 




REFERENCE 

REGULATOR 








UNDER VOLTAGE 
LOCKOUT CONTROL 


\LOCI 



• V CC 


- REF OUT 

- SIGNAL 

GND 
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TL598 

PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). 41 V 

Amplifier input voltage, V|. VCC + 0-3 V 

Collector voltage. 41V 

Output current (each output), sink or source, lo. 250 mA 

Continuous total dissipation. See Dissipation Rating Table 

Operating virtual junction temperature range, Tj: TL598Q. -40°C to 150°C 

TL598C . 0°C to 150 °C 

Storage temperature range . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package . 260°C 

NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

T A - 70°C 
POWER 

RATING 

T A - 125°C 

POWER 

RATING 

D 

950 mW 

7.6 mW/°C 

25°C 

608 mW 

190 mW 

N 

1 200 mW 

13 mW/°C 

58 °C 

1040 mW 

325 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vcc 

7 

40 

V 

Amplifier input voltage, V| 

-0.3 

< 

o 

o 

ro 

V 

Collector voltage 

40 

V 

Output current (each output), sink or source, lo 

200 

mA 

Current into feedback terminal, l||_ 

0.3 

mA 

Timing capacitor, Cj 

0.00047 

10 

mF 

Timing resistor, Rj 

1.8 

500 

k 0 

Oscillator frequency, f osc 

1 300 

kHz 

Free-air temperature, T A 

TL598Q 

-40 

125 

°C 

TL598C 

0 

70 
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TL598 

PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, 
f - 10 kHz (unless otherwise noted), see Note 2 


reference section 


PARAMETER 

TEST CONDITIONS* 

TL598Q 

TL598C 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Output voltage (V re f) 

Iq = 1 mA, 

T A = 25°C 

4.95 5 5.05 

4.95 5 5.05 

V 

T A - MIN to MAX 

4.9 5.1 

4.9 5.1 

Input regulation 

Vcc = 7 V to 40 V, 

T A = 25°C 

CM 

CM 

CM 

2 25 

mV 

Output regulation 

Iq = 1 to 10 mA, 

T A = 25°C 

1 15 

1 15 

mV 

T A = MIN to MAX 

80 


Output voltage change 
with temperature 

AT A = MIN to MAX 

0.2 1 

0.2 1 

% 

Short-circuit output current § 

Vref = 0 

-10 -35 

-10 -35 

mA 


oscillator section (see Figure 1) Cj = 0.001 /*F, Rj - 12 kQ 


PARAMETER 

TEST CONDITIONS* 

MIN TYP* MAX 

UNIT 

Frequency 


100 

kHz 

Standard deviation of frequency 1 

All values of Vco Cj, Rj, T A constant 

10 

% 

Frequency change with voltage 

V C c = 7 V to 40 V, T a = 25°C 

0.1 1 

% 

Frequency change with temperature # 

AT A = MIN to MAX 

2 5 

% 


error amplifier section 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Input offset voltage 

Feedback pin at 2.5 V 

2 10 

mV 

Input offset current 

Feedback pin at 2.5 V 

25 250 

nA 

Input bias current 

Feedback pin at 2.5 V 

0.2 1 

m a 

Common-mode input 
voltage range 

Vcc = 7 V to 40 V 

-0.3 

to 

Vcc-2 

V 

Open-loop voltage 
amplification 

AV 0 (pin 3) = 3 V, V 0 (pin 3) = 0.5 V to 3.5 V 

70 95 

dB 

Unity-gain bandwidth 


800 

kHz 

Common-mode 

rejection ratio 

V CC = 40 V, AVjc = 36.5 V, T A = 25 °C 

65 80 

dB 

Output sink current (pin 3) 

Feedback pin at 0.5 V 

0.3 0.7 

mA 

Output source current (pin 3) 

Feedback pin at 3.5 V 

-2 

mA 

Phase margin at unity gain 

Feedback pin = 0.5 V to 3.5 V, Rj_ = 2 kQ 

65° 


Supply voltage rejection ratio 

Feedback pin at 2.5 V, AVcc = 33 V, Rl = 2 kfi 

100 

dB 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

^ All typical values except for parameter changes with temperature are at T A = 25 °C. 

5 Duration of the short-circuit should not exceed one second. 

1 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula o 
#Effects of temperature on external Rj and Cy are not taken into account. 

NOTE 2: Pulse testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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TL598 

PULSE WIDTH MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V, 
f - 10 kHz (unless otherwise noted), see Note 2 

under-voltage lockout section 


PARAMETER 

TEST CONDITIONS* 

TL598Q 

TL598C 

UNIT 

MIN MAX 

MIN MAX 

Threshold voltage 

T A = 25 °C 

4 6 

4 6 

V 

AT A = MIN to MAX 

3.8 6.9 

3 6.9 

Hysteresis * 

T A = 25°C 

100 

100 

mV 

T A = MIN to MAX 

30 

50 


PARAMETER 

TEST CONDITIONS 

MIN TYP§ MAX 

UNIT 

Collector off-state current 

V CE = 40 V, V CC = 40 V, 

Dead-time pin is connected to REF 

2 100 

^A 

High-level output voltage 

V CC = 1 5 V, 

V C = 15 V, 

Iq = - 200 mA 

12 

V 

Iq = - 20 mA 

13 

Low-level output voltage 

V C C = 15 V, 

V C = 15 V, 

Iq = 200 mA 

2 

V 

Iq = 20 mA 

0.4 

Output control input current 

V| = v ref 

3.5 

mA 

V| = 0.4 V 

100 

*A 


dead-time control section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

TL598Q 

TL598C 

UNIT 

MIN TYP§ MAX 

MIN TYP§ MAX 

Input bias current (pin 4) 

V| = 0 to 5.25 V 

-2 -25 

-2 -10 

mA 

Maximum duty cycle, each output 

Dead-time control at 0 V 

45 

45 

% 

Input threshold voltage (pin 4) 

Zero duty cycle 

3 3.2 

3 3.3 

V 

Maximum duty cycle 

0 

0 


pwm comparator section 


PARAMETER 

TEST CONDITIONS 

MIN 

UNIT 

Input threshold voltage (pin 3) 

Zero duty cycle 


V 

Input sink current (pin 3) 

V( D in 3) = 0.5 V 

0.3 

mA 


total device (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYP§ 

MAX 

UNIT 

Standby supply current 

Pin 6 at V re f, 

All other inputs 
and outputs open 

Vqc = 15 V 

15 

21 


V C C = 40 V 

17 

23 


Average supply current 

Dead-time control at 2 V j 

15 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

* Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 

§ All typical values except for parameter changes with temperature are at T A = 25°C 

NOTE 2: Pulse testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 


switching characteristics, Ta * 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Output voltage rise time 

Cl = 1500 pF, 

V C = 15 V, Vqc = 15 V, See Figure 2 

100 150 

ns 

Output voltage fall time 

50 75 

ns 
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PULSE-WIDTH-MODULATION CONTROL CIRCUIT 
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Very Low Dropout Voltage, Less 
than 0.6 V at 150 mA 

Very Low Quiescent Current 

TTL- and CMOS-Compatible Enable On 
TL751L Series 


• 60-V Load-Dump Protection 


TL750L, TL751L SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


D3017, SEPTEMBER 1987-REVISED FEBRUARY 1988 

• Reverse Transient Protection to -50 V 

• Internal Thermal Overload Protection 

• Over-Voltage Protection 

• Internal Over-Current Limiting Circuitry 


terminal assignments 


TL750L . . . D 
SMALL OUTLINE PACKAGE 


TL750L . . . KC 

HEAT-SINK-MOUNTED PACKAGE 


TL750L . . . LP 
SILECT™ PACKAGE 


(TOP VIEW) 


OUTPUT Q 
COMMON £ 
COMMON C 
NC Q 


rar 

2 7 

3 6 

4 5 


J INPUT 
2 COMMON 
] COMMON 
~3 NC 


(TOP VIEW) 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 


(TOP VIEW) 



& 



TL750L . . . P 
DUAL-IN-LINE PACKAGE 


TL751L . . . D 
SMALL OUTLINE PACKAGE 


TL751L . . . P 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


(TOP VIEW) 


(TOP VIEW) 


OUTPUT rtTTJTh INPUT 


NC C 2 
NC C 3 
NC C 4 


7 ]] NC 
6 U COMMON 
5 NC 


OUTPUT Hi U 8 P INPUT 


COMMON [] 2 
COMMON Q 3 
NC C 4 


2 COMMON 
] COMMON 
D ENABLE 


OUTPUT Q 
NC C 
NC C 

NcC 


7T7T 

2 7 

3 6 
4 5 


] INPUT 
U NC 

U COMMON 
] ENABLE 





NC —No internal connection 

SILECT is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include tasting of all parameters. 
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TL750L, TL751L SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


description 



The TL750L and TL751L series are low-dropout positive voltage regulators specifically designed for battery- 
powered systems. The TL750L and the TL751L incorporate over-voltage and current-limiting protection 
circuitry along with internal reverse-battery protection circuitry to protect both itself and the regulated 
system. Both series are fully protected against 60-volt load-dump and reverse-battery conditions. Extremely 
low quiescent current during full-load conditions makes the TL750L and TL751L series ideal for standby 
power systems. 

The TL750L series of fixed-output voltage regulators offer 5-volt, 8-volt, 10-volt, and 12-volt options. 
They are available in TO-226AA (formerly TO-92) (LP) packages, TO-220AB (KC) packages, 8-pin "small 
outline" plastic packages (D), and 8-pin plastic dual-in-line packages (P). 

The TL751L series of fixed-output voltage regulators also offer 5-volt, 8-volt, 10-volt, and 12-volt options 
with the addition of an enable input. The enable input, when taken high, places the regulator output in 
a high-impedance state. This gives the designer complete control over power up, power down, or emergency 
shut down. This series is offered in the 8-pin "small outline" plastic package and the 8-pin plastic dual-in¬ 
line package. 


absolute maximum ratings over operating junction temperature range (unless otherwise noted) 



TL750L 

TL751L 

UNIT 

Continuous input voltage 

26 

26 

V 

Transient input voltage, Tj\ = 25 °C (see Note 1) 

60 

60 

V 

Continuous reverse input voltage 

-15 

-15 

v 

Transient reverse input voltage: t < 100 ms 

-50 

-50 

v 

Continuous total dissipation at (or below) 25 °C free-air 
temperature (see Note 1): 

D package 

825 

825 

mW 

KC package 

2000 


LP package 

775 


P package 

1000 

1000 

Operating virtual junction temperature range 

-40 to 150 

-40 to 150 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) for 10 seconds 

260 

260 

°C 


NOTES: 1. The transient input voltage rating applies for the waveform described in Figure 1. 

2. For operation above 25°C free-air temperature, linearly derate the D package at the rate of 6.6 mW/°C, the KC package at 
15.2 mW/°C, the LP package at 6.2 mW/°C, and the P package at 8 mW/°C. 


recommended operating conditions over recommended operating junction temperature range (unless 
otherwise noted) 


1 

MIN 

MAX 

UNITS 


TL75—L05 

6 

26 


Input voltage, V| 

TL75_L08 

9 

26 

V 

TL75 — L10 

11 

26 



TL75_L12 

13 

26 


High-level ENABLE input voltage, Vm 

TL751L 

2 

15 

V 

Low-level ENABLE voltage, V|l* 

TL751L 

-0.3 

0.8 

v 

Output current, lo 

TL75_L 

0 

150 

mA 

Operating virtual junction temperature, Tj 

TL75_I_ C 

0 

125 

°C 

TL75_I—Q 

-40 

125 


^The algebraic convention, in which the least positive {most negative) value is designated minimum, is used in this data sheet for ENABLE 
voltage levels and temperature only. 
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TL750L, TL751L SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


TL750L05 and TL751L05 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, 
Iq = 10 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, 

Iq = 0 to 1 50 mA 

Tj = 25°C 

4.80 5 5.2 

V 

Tj = Tj min to 1 25 °C 

4.75 5.25 

Input regulation 

V| = 9 V to 16 V 

5 10 

mV 

V t = 6 V to 26 V 

6 30 

Ripple rejection 

V| = 8 V to 18 V, f = 120 Hz 

60 65 

dB 

Output regulation 

Iq = 5 mA to 150 mA 

20 50 

mV 

Dropout voltage 

Iq = 10 mA 

0.2 

V 

Iq = 150 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

/*V 

Bias current 

Iq = 150 mA 

10 12 

mA 

V| = 6 V to 26 V, l 0 = 10 mA, Tj = Tj min to 125°C 

1 2 


TL750L08 and TL751L08 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, 
Iq = 10 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* | 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 9 V to 26 V, 

Iq — 0 to 150 mA 

Tj = 25°C 

7.8 8 8.2 

V 

Tj = Tj min to 125°C 

7.6 8.4 

Input regulation 

V| = 10 V to 17 V 

10 20 

mV 

V| = 9 V to 26 V 

25 50 

Ripple rejection 

V| = 11 V to 21 V, f = 120 Hz 

60 65 

dB 

Output regulation 

Iq = 5 mA to 150 mA 

o 

00 

o 

mV 

Dropout voltage 

10 = 10 mA 

0.2 

V 

lO = 150 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 


Bias current 

Iq = 150 mA 

10 12 

mA 

V| = 9 V to 26 V, Iq = 10 mA, Tj = Tj min to 125°C 

1 2 


TL750L10 and TL751 LI 0 electrical characteristics at 25 °C virtual junction temperature, V| — 14 V, 
Iq - 10 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 11 V to 26 V, 

Iq = 0 to 150 mA 

Tj = 25°C 

9.75 10 10.25 

V 

Tj = Tj min to 125°C 

9.50 10.50 

Input regulation 

V| = 12 V to 19 V 

10 25 

mV 

V| = 11 V to 26 V 

30 60 

Ripple rejection 

V| = 12 V to 22 V, f = 120 Hz 

60 65 

dB 

Output regulation 

Iq = 5 mA to 150 mA 

50 100 

mV 

Dropout voltage 

Iq = 10 mA 

0.2 

V 

Iq = 150 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

700 


Bias current 

Iq = 150 mA 

10 12 

mA 

V| = 11 V to 26 V, Iq = 10 mA, Tj = Tj min 125°C 

1 2 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -jiF capacitor across the input and a 10-/tF capacitor, 
with equivalent series resistance of less than 1 ohm, across the output. 
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TL750L, TL751L SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


TL750L12 and TL751 LI 2 electrical characteristics at 25 °C virtual junction temperature, V| « 14 V, 
Iq B 10 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* j 

MIN TYP MAX 


Output voltage 

V| = 13 Vto 26 V, 

Iq = 0 to 150 mA 

Tj = 25°C 

11.7 12 12.3 

V 

Tj = Tj min to 125°C 

11.4 12.6 


V| = 14 Vto 19 V 

15 30 

mV 

V| = 13 V to 26 V 

o 

o 

CM 


V| = 13 V to 23 V, f = 120 Hz 

50 55 

dB 

Output regulation 

lO = 5 mA to 150 mA 

50 120 

WESMl 

Dropout voltage 

lO = 10 mA 

0.2 

a 

lO = 150 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

700 

mV 

Bias current 

lO = 1 50 mA 

10 12 

mA 

V| = 13 V to 26 V, Iq = 10 mA, Tj = Tj min to 125°C 

1 2 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -jiF capacitor across the input and a 10-pF capacitor, 
with equivalent series resistance of less than 1 ohm, across the output. 


ABSOLUTE MAXIMUM RATINGS 


TRANSIENT INPUT VOLTAGE 
vs 

TIME 
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■ • Very Low Dropout Voltage, Less than 0.6 V 

■ at 750 mA 

I • Low Quiescent Current 

I • TTL- and CMOS-Compatible Enable on 
' TL751M Series 

• 60-V Load-Dump Protection 

• Over-Voltage Protection 

• Internal Thermal Overload Protection 

• Internal Over-Current Limiting Circuitry 


description 

The TL750M and TL751M series are low- 
dropout positive voltage regulators specifically 
designed for battery-powered systems. The 
TL750M and TL751M incorporate on-board 
over-voltage and current-limit protection circuitry 
to protect both themselves and the regulated 
system. Both series are fully protected against 
60-V load-dump and reverse battery conditions. 
Extremely low quiescent current, even during 
full-load conditions, makes the TL750M and 
TL751M series ideal for standby power systems. 

The TL750M series of fixed-output voltage 
regulators offer 5-V, 8-V, 10-V, and 12-V 
options available in 3-lead KC (TO-220AB) 
plastic packages. 

The TL751M series of fixed-output voltage 
regulators also offer 5-V, 8-V, 10-V, and 12-V 
options with the addition of an enable input. The 
enable input gives the designer complete control 
over power-up, allowing for sequential power- 
up or emergency shutdown. When taken high, 
the enable input places the regulator output in 
a high-impedance state. It is completely TTL- and 
CMOS-compatible. The TL751M series is 
offered in 5-lead KC plastic packages. 

The TL750M and TL751M series are 
characterized for operation from -40°C 
to 125°C free-air temperature. 


TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 

D3017, JANUARY 1988-REVISED OCTOBER 1988 


3-LEAD KC (TO-220AB) PACKAGE 


(TOP VIEW) 


P 



OUTPUT 

COMMON 

INPUT 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 




PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage. 26 V 

Transient input voltage (see Figure 1). 60 V 

Continuous reverse input voltage. -15V 

Transient reverse input voltage: t =100 ms . -50 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 1). 2W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1). 20 W 

Operating free-air, case, or virtual junction temperature. -40°C to 150°C 

Storage temperature range .. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260 °C 

1: For operation above 25 °C free-air temperature, refer to Figures 2 and 3. To avoid exceeding the design maximum virtual junction 


temperature, these ratings should not be exceeded. Due to variation in individual device electrical characteristics and thermal 
resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions over recommended operating free-air temperature range (unless 
otherwise noted) 



DEVICE 

MIN 

MAX 

Pflrm 


TL75_M05 

6 

26 


Input voltage range, V| 

TL75_M08 

9 

26 


TL75_M10 

11 

26 



TL75_M12 

13 

CO 

CM 


High-level ENABLE input voltage, Vm 

TL751 M_ 

2 

15 

■ 

Low-level ENABLE input voltage, V||_ (see Note 2) 

TL751 M_ 

-0.3 

0.8 

Hi 

Output current range, lo 

TL75_M 

750 

mA 

Operating virtual junction temperature range, Tj 

TL75_M_C 

0 

125 


TL75_M_Q 

-40 

125 



Note 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for ENABLE voltage levels and temperature only. 


TL750M05 an d TL751 M05 electrical characteristics at 25 °C free-air temperature, V| - 14 V, 
Iq = 300 mA, ENABLE at 0 V for TL751M05 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS (see Note 3) | 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, l 0 = 0 to 750 mA 

T A = 25 °C 

4.95 5 5.05 

V 

T a = Tj min to 125°C 

4.9 5.1 

Input regulation 

V| = 9 V to 16 V, Iq = 250 mA 

10 25 

mV 

V| = 6 V to 26 V, lo = 250 mA 

12 50 

Ripple rejection 

V| = 8 V to 18 V, f = 120 Hz 

55 

dB 


Iq = 5 mA to 750 mA 

20 50 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

lO = 750 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

#»v 

Bias current 

l 0 = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 


NOTE 3: Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. All characteristics are measured with a 0.1-/iF capacitor across the input and 
a 10-/*F capacitor on the output with equivalent series resistance within the guidelines shown in Figure 4. 
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TL750M, TL751M SERIES 
LOW DROPOUT VOLTAGE REGULATORS 


TL750M08 an d TL751M 08 electrical characteristics at 25 °C free-air temperature, V| * 14 V, 
Iq = 300 mA, ENABLE at 0 V for TL751M08 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS (see Note 3) j 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 9 V to 26 V, Iq = 0 to 750 mA 

T a = 25°C 

7.92 8 8.08 

V 

T A = Tj min to 125°C 

7.84 8.16 

Input regulation 

V| = 10 V to 17 V, l 0 = 250 mA 

12 

mV 

V| = 9 V to 26 V, l 0 = 250 mA 

15 

Ripple rejection 

V| = 11 Vto 21 V, f = 120 Hz 

55 

dB 

Output regulation 

lO = 5 mA to 750 mA 

24 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

Iq = 750 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

mV 

Bias current 

10 = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 


TL750M10 an d TL751M 10 electrical characteristics at 25 °C free-air temperature, V| = 14 V, 
Iq = 300 mA, ENABLE at 0 V for TL751M10 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS (see Note 3) | 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 11 V to 26 V, Iq = 0 to 750 mA 

T A = 25°C 

9.9 10 10.1 

V 

T a = Tj min to 125°C 

9.8 10.2 

Input regulation 

V| = 12 V to 18 V, Iq = 250 mA 

15 

mV 

V| = 11 V to 26 V, Iq = 250 mA 

20 

Ripple rejection 

V t = 13 V to 23 V, f = 120 Hz 

55 60 

dB 

Output regulation 

Iq = 5 mA to 750 mA 

30 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

lO = 750 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

1000 

mV 

Bias current 

Iq = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 


TL750M12 an d TL751M 12 electrical characteristics at 25 °C free-air temperature, V| = 14 V, 
Iq = 300 mA, ENABLE at 0 V for TL751M12 (unless otherwise noted) 


PARAMETER 

| TEST CONDITIONS (see Note 3) | 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 13 V to 26 V, Iq = 0 to 750 mA 

T A = 25°C 

11.88 12 12.12 

V 

T A = Tj min to 125°C 

11.76 12.24 

Input regulation 

V| = 14 V to 19 V, l 0 = 250 mA 

15 

mV 

V| = 13 V to 26 V, l 0 = 250 mA 

20 

Ripple rejection 

V| = 13 V to 23 V, f = 120 Hz 

55 60 

dB 

Output regulation 

lO = 5 mA to 750 mA 

30 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

Iq = 750 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

1000 

mV 

Bias current 

lO = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 


NOTE 3: Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. 

Thermal effects must be taken into account separately. All characteristics are measured with a 0.1 -n? capacitor across the 
input and a 10-^F capacitor on the output with equivalent series resistance within the guidelines shown in Figure 4. 


TL751Mxx electrical characteristics at 25 °C free-air temperature, V| = 14 V, Iq = 300 mA 


PARAMETER 

MIN TYP MAX 

UNIT 

Response time, ENABLE to output 

50 

MS 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


MAXIMUM RATINGS 

TRANSIENT INPUT VOLTAGE 
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FREE-AIR TEMPERATURE 
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CASE TEMPERATURE 
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FIGURE 2 


FIGURE 3 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


TRANSIENT RESPONSE 


ai l 

APPLIED LOAD _ 

CURRENT _I_I 


LOAD 

VOLTAGE 



EQUIVALENT SERIES RESISTANCE OF OUTPUT CAPACITOR 



AIl —Load Current Range —A 


FIGURE 4 



, Texas ^ 
Instruments 


2-167 


POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 


Data Sheets 




Data Sheets 


2 


2-168 


I # ±1% Output Tolerance at 25 °C 

■ • ±2% Output Tolerance Over Full Operating 

I Range 

I • Thermal Shutdown 

• Internal Short-Circuit Current Limiting 

• Pinout Identical to uA7800 Series 

• Improved Version of uA7800 Series 

description 

Each fixed-voltage precision regulator in this 
series is capable of supplying 1.5 amperes of 
load current. A unique temperature- 
compensation technique coupled with an 
internally trimmed bandgap reference has 
resulted in improved accuracy when compared 
to other three-terminal regulators. Advanced 
layout techniques provide excellent line, load, 
and thermal regulation. The internal current 
limiting and thermal shutdown features make the 
devices essentially immune to overload. 

schematic 


SERIES TL780 
POSITIVE VOLTAGE REGULATORS 

D2643, APRIL 1981-REVISED AUGUST 1988 


NOMINAL 


OUTPUT 

REGULATOR 

VOLTAGE 


5 V 

TL780-05C 

12 V 

TL780-12C 

15 V 

TL780-15C 


KC PACKAGE 


(TOP VIEW) 



OUTPUT 

COMMOM 

INPUT 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 





PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SERIES TL780 

POSITIVE VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input voltage . 35 V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1). 2W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1). 15W 

Operating free-air, case, or virtual junction temperature range. 0 to 150 °C 

Storage temperature range. -65 to 150 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260°C 



NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and 
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated 
dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



25 50 75 100 125 150 


CASE TEMPERATURE 



25 50 75 100 125 150 


Ta~F ree Air Temperature — °C 


Tq —Case Temperature—°C 


FIGURE 1 


FIGURE 2 


recommended operating conditions 


1 

MIN 

MAX 

UNIT 


TL780-05C 

7 

25 


Input voltage, V| 

TL780-12C 

14.5 

30 

V 


TL780-15C 

17.5 

30 


Output current, lo 

_ 

A 

Operating virtual junction temperature, Tj 

o 

125 

°C 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 


TL780-05C electrical characteristics at specified virtual junction temperature, V| = 10 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

Iq = 5 mA to 1A, P < 15W, 

V| = 7 V to 20 V 

25 °C 

4.95 5 5.05 

V 

0°C to 125°C 

4.9 5.1 

Input regulation 

V| = 7 V to 25 V 

25 °C 

0.5 5 

mV 

V| = 8 V to 12 V 

0.5 5 

Ripple rejection 

V| = 8 V to 18 V, f = 120 Hz 

0°C to 125°C 

70 85 

db 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

4 25 

mV 

lO = 250 mA to 750 mA 

1.5 15 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.0035 

0 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

0.25 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

75 

mV 

Dropout voltage 

O 

ii 

> 

25 °C 

2 

V 

Bias current 


25°C 

5 8 

mA 

Bias current change 

V| = 7 V to 25 V 

0°C to 125°C 

0.7 1.3 

mA 

Iq = 5 mA to 1 A 

0.003 0.5 

Short-circuit output current 

V| = 35 V 

25 °C 

750 

mA 

Peak output current 


25 °C 

2.2 

A 


TL780-12C electrical characteristics at specified virtual junction temperature, V| = 19 V, lo - 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

Iq = 5 mA to 1 A, P < 15W, 

V| = 14.5 V to 27 V 

25 °C 

11.88 12 12.12 

V 

0°C to 1 25°C 

11.76 12.24 

Input regulation 

V| = 14.5 V to 30 V 

25 °C 

1.2 12 

mV 

V| = 16 V to 22 V 

1.2 12 

Ripple rejection 

V t = 15 V to 25 V, f = 120 Hz 

0°C to 125°C 

65 80 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25 °C 

6.5 60 

mV 

Iq 250 mA to 750 mA 

2.5 36 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.0035 

fi 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

0.6 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

180 

mV 

Dropout voltage 

l 0 = 1 A 

25 °C 

2 

V 

Bias current 


25 °C 

5.5 8 

mA 

Bias current change 

V| = 14.5 V to 30 V 

0°C to 125°C 

CO 

6 

mA 

Iq = 5 mA to 1 A 

0.03 0.5 

Short-circuit output current 

V| = 35 V 

25 °C 

350 

mA 

Peak output current 


25°C 

2.2 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with 0.33 nF capacitor across the input and a 0.22 nF capacitor 
across the output. 
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SERIES TL780 

POSITIVE VOLTAGE REGULATORS 


TL780-15C electrical characteristics at specified virtual junction temperature, V| = 23 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

Iq = 5 mA to 1 A, P < 1 5 W, 

V| = 17.5 V to 30 V 

25°C 

14.85 15 15.15 

V 

0°C to 125°C 

14.7 15.3 

Input regulation 

V| = 17.5 V to 30 V 

25 °C 

1.5 15 

mV 

V| = 20 V to 26 V 

1.5 15 

Ripple rejection 

V| = 18.5 V to 28.5 V, f = 120 Hz 


60 75 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25°C 

7 75 

mV 

lO = 250 mA to 750 mA 

2.5 45 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.0035 

Q 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

0.62 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

225 

mV 

Dropout voltage 

lO = 1 A 

25 °C 

2 

V 

Bias current 


25 °C 

5.5 8 

mA 

Bias current change 

V| = 17.5 V to 30 V 

0°C to 125°C 

0.4 1.3 

mA 

Iq = 5 mA to 1 A 

0.02 0.5 

Short-circuit output current 

V| = 35 V 

25 °C 

230 

mA 

Peak output current 


25 °C 

2.2 

A 


TPulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.33 /if capacitor across the input and a 0.22 nF capacitor 
across the output. 


TYPICAL APPLICATION DATA 



Notes: A. Cl required if regulator is far from power supply filter. 

B. C2 not required for stability, however transient response is improved. 

C. Permanent damage can occur if output is pulled below ground. 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


_ D2659, SEPTEMBER 1981 - REVISED SEPTEMBER 1988 

• Output Adjustable from 1.25 V to 125 V 

• 700-mA Output Current 

• Full Short-Circuit, Safe-Operating-Area, and 
Thermal Shutdown Protection 

• 0.001 %/V Typical Input Regulation 

• 0.15% Typical Output Regulation 

• 76-dB Typical Ripple Rejection 

• Standard TO-220AB Package 


description 

The TL783C is an adjustable three-terminal positive-voltage regulator with an output range of 1.25 V to 125 V 
and a DMOS output transistor capable of sourcing more than 700 mA. It is designed for use in high-voltage 
applications where standard bipolar regulators cannot be used. Excellent performance specifications . .. 
superior to those of most bipolar regulators ... are achieved through circuit design and advanced layout 
techniques. 

As a state-of-the-art regulator, the TL783C combines standard bipolar circuitry with high-voltage double- 
diffused MOS transistors on one chip to yield a device capable of withstanding voltages far higher than 
standard bipolar integrated circuits. Because of its lack of secondary breakdown and thermal runaway 
characteristics usually assoicated with bipolar outputs, the TL783C maintains full overload protection while 
operating at up to 125 V from input to output. Other features of the device include current limiting, safe- 
operating-area (SOA) protection, and thermal shutdown. Even if the adjustment pin is inadvertently 
disconnected, the protection circuitry remains functional. 

Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary 
only when the regulator is situated far from the input filter. An output capacitor, although not required, will 
improve transient response and protection from instantaneous output short-circuits. Excellent ripple rejection 
can be achieved without a bypass capacitor at the adjustment terminal. 

functional block diagram 


V| 




PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage, V| - Vo. 125 V 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1).2 W 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1). 20 W 

Operating free-air, case, or virtual junction temperature range.0°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260°C 


2 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and 
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated 
dissipation. 


FREE-AIR TEMPERATURE 



25 50 75 100 125 150 


CASE TEMPERATURE 
DISSIPATION DERATING CURVES 



Ta — Free-Air Temperature — °C 


Tq —Case Temperature— °C 


FIGURE 1 


FIGURE 2 


recommended operating conditions 



MIN 

MAX 

UNIT 

lnput-to L output voltage differential, V| - Vq 

125 

V 

Output current, Iq 

15 

700 

mA 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


electrical characteristics at V| - Vo = 25 V, lo = 0.5 A, Tj = 0°C to 125°C (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONS* 

MIN 

TYP 

MAX 

UNIT 

Input regulation* 

V| - V 0 = 20 Vto 125 V, 

P < rated dissipation 

Tj = 25°C 


0.001 

0.01 

%/V 

Tj = 0°C to 125°C 


0.004 

0.02 

Ripple rejection 

AV| (p - p) = 10V, 

< 

o 

II 

o 

< 

f = 120 Hz 

66 

76 


dB 


lg = 15 mA to 700 mA, 

Tj = 25°C 

> 

in 

VI 

o 

> 


7.5 

25 

mV 

Output regulation 

V 0 S 5 V 


0.15 

0.5 

% 

Iq = 15 mA to 700 mA, 

P < rated dissipation 

> 

VI 

o 

> 


20 

' 70 

mV 


V 0 S 5V 


0.3 

1.5 

% 

Output voltage change 
with temperature 


0.4 

% 

Output voltage 
long-term drift 

1000 h at Tj = 125°C, 

See Note 2 

V| - V 0 = 125 V, 


0.2 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, 

Tj = 25°C 


0.003 

% 

Minimum output current to 
maintain regulation 

V| - V 0 = 125 V 

15 

mA 


V| - V 0 = 25 V, 

t = 1 ms 


1100 


Peak output current 

V| - V 0 = 15 V, 

t = 30 ms 


715 

mA 

V| - V 0 = 25 V, 

t = 30 ms 


700 

900 



V| - V 0 = 125 V, 

t = 30 ms 


100 

250 



Adjustment-terminal 

current 



83 

110 

pA 

Change in adjustment- 
terminal current 

V| - V 0 = 15 Vto 125 V, 

Iq = 15 mAto700 mA, 

P < rated dissipation 


0.5 

5 

pA 

Reference voltage (output 
to ADJ) 

V| - V 0 = 10 Vto 125 V, 

Iq = 15 mAto 700 mA, 

P < rated dissipation 

1.2 

1.27 

1.3 

V 


t Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account 
separately. 

* Input regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 

NOTE 2: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT LIMIT 


VS 

INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL 



0 25 50 75 100 125 

V| — Vo — Input-to-Output Voltage Differential —V 
FIGURE 3 

OUTPUT CURRENT LIMIT 


vs 



0 10 20 30 40 

Time—ms 
FIGURE 5 


OUTPUT CURRENT LIMIT 
vs 


INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL 



V| — Vo — Input-to-Output Voltage Differential—V 
FIGURE 4 

RIPPLE REJECTION 


vs 



0 10 20 30 40 50 60 70 80 90 100 

Vq —Output Voltage—V 
FIGURE 6 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


RIPPLE REJECTION 

vs 

OUTPUT CURRENT 


RIPPLE REJECTION 

vs 


100 


80 


60 


40 


20 












__ 




















vj 

AV| 

Vo 

W) = 
Kp-p) 
= 1C 

35 \ 
= 10 
) V 

f 

V 





f = 120 Hz 

c 0 = o 

Tj = 25°C 






100 200 300 400 500 600 700 800 
l0~ Output Current — mA 
FIGURE 7 

OUTPUT IMPEDANCE 
vs 



10*1 102 103 104 io5 106 10 7 

f—Frequency —Hz 
FIGURE 9 




0.01 0.1 1 10 100 1000 
f—Frequency—kHz 

FIGURE 8 

REFERENCE VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 


1.30 

1.29 

> 

I 1.28 

<x> 

05 

(0 

o 1.27 
> 

<D 

« 1.26 


® 1.25 
cc 


£ 1.24 
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1.23 

1.22 
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-75-50-25 0 25 50 75 100 125 150 175 

Tj — Virtual Junction Temperature—°C 
FIGURE 10 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 

ADJUSTMENT-TERMINAL CURRENT 


DROPOUT VOLTAGE 


2 


vs 

VIRTUAL JUNCTION TEMPERATURE 



Tj—Virtual Junction Temperature—°C 
FIGURE 11 

LOAD REGULATION 


vs 



0 25 50 75 100 125 150 


Tj —Virtual Junction Temperature— °C 
FIGURE 13 


vs 


VIRTUAL JUNCTION TEMPERATURE 



Tj —Virtual Junction Temperature — °C 
FIGURE 12 


MINIMUM OUTPUT CURRENT 
TO MAINTAIN REGULATION 


vs 



0 25 50 75 100 125 

V| — Input Voltage —V 
FIGURE 14 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


LINE TRANSIENT RESPONSE 






Time —/as 

FIGURE 15 


Time —/as 
FIGURE 16 


DESIGN CONSIDERATIONS 

The internal reference (see functional block diagram) is used to generate 1.25 V nominal (V r ef) between the 
output and adjustment terminals. This voltage is developed across R1 and causes a constant current to flow 
through R1 and the programming resistor R2, giving an output voltage of: 

Vo = Vref (1+R2/R1) + ladj (R2) 

or 

VO ~ Vref (1+R2/R1). 

The TL783C was designed to minimize ladj and maintain consistency over line and load variations, thereby 
minimizing the ladj (R2) error term. 

To maintain l a djat a low level, all quiescent operating current is returned to the output terminal. This quiescent 
current must be sunk by the external load and is the minimum load current necessary to prevent the output 
from rising. The recommended R1 value of 82 n will provide a minimum load current of 15 mA. Larger values 
may be used if the input-to-output differential voltage is less than 125 V (see minimum .operating current 
curve) or if the load will sink some portion of the minimum current. 

bypass capacitors 

The TL783C regulator is stable without bypass capacitors; however, any regulator will become unstable with 
certain values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing is 
recommended whenever the regulator is located more than four inches from the power-supply filter capacitor. 
A 1-pF tantalum or electrolytic capacitor is usually sufficient. 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


Adjustment-terminal capacitors are not recommended for use on the TL783C because they can seriously 
degrade load transient response as well as create a need for extra protection circuitry. Excellent ripple 
rejection is presently achieved without this added capacitor. 

Due to the relatively low gain of the MOS output stage, output voltage drop-out may occur under large load 
transient conditions. Addition of an output bypass capacitor will greatly enhance load transient response as 
well as prevent drop-out. For most applications, it is recommended that an output bypass capacitor be used 
with a minimum value of: 


Co flmF) = 15 /Vq 



Larger values will provide proportionally better transient response characteristics. 

protection circuitry 

The TL783C regulator includes built-in protection circuits capable of guarding the device against most 
overload conditions encountered in normal operation. These protective features are current limiting, safe- 
operating-area protection, and thermal shutdown. These circuits are meant to protect the device under 
occasional fault conditions only. Continuous operation in the current limit or thermal shutdown mode is not 
recommended. 


The internal protection circuits of the TL783C will protect the device up to maximum rated V| as long as certain 
precautions are taken. If V| is instantaneously switched on, transients exceeding maximum input ratings may 
occur, which can destroy the regulator. These are usually caused by lead inductance and bypass capacitors 
causing a ringing voltage on the input. In addition, if rise times in excess of 10 V/ns are applied to the input, a 
parasitic n-p-n transistor in parallel with the DMOS output can be turned on causing the device to fail. If the 
device is operated over 50 V and the input is switched on rather than ramped on, a low-Q capacitor, such as a 
tantalum or electrolytic should be used rather than ceramic, paper, or plastic bypass capacitors. A Q factor of 
0.015 or greater will usually provide adequate damping to suppress ringing. Normally, no problems will occur 
if the input voltage is allowed to ramp upward through the action of an ac line rectifier and filter network. 

Similarly, if an instantaneous short circuit is applied to the outputs, both ringing and excessive fall times can 
result. A tantalum or electrolytic bypass capacitor is recommended to eliminate this problem. However, if a 
large output capacitor is used and the input is shorted, addition of a protection diode may be necessary to 
prevent capacitor discharge through the regulator. The amount of discharge current delivered is dependent 
on output voltage, size of capacitor, and fall time of V|. A protective diode (see Figure 17) is required only for 
capacitance values greater than 

Co (nF) = 3 x 104/(V O )2. 

Care should always be taken to prevent insertion of regulators into a socket with power on. Power should be 
turned off before removing or inserting regulators. 


V|- 


TL783C 

INPUT OUTPUT 

ADJUST 


^R2 


-v 0 


; c o 


FIGURE 17. REGULATOR WITH PROTECTIVE DIODE 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


load regulation 

The current set resistor (R1) should be located close to the regulator output terminal rather than near the load. 
This eliminates long line drops from being amplified through the action of R1 and R2 to degrade load 
regulation. To provide remote ground sensing, R2 should be near the load ground. 



TYPICAL APPLICATION DATA 



f NEEDED IF DEVICE IS MORE THAN 4 INCHES FROM 
FILTER CAPACITOR 

FIGURE 19. 1.25-V TO 115-V 
ADJUSTABLE REGULATOR 


V| = 145 TO 200 V 



OFF-LINE REGULATOR 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 
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TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 



FIGURE 25. HIGH-VOLTAGE FIGURE 26. 48-V, 200-mA FLOAT CHARGER 

UNITY-GAIN OFFSET AMPLIFIER 
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TL1451AC 

DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


■_ D2730, FEBRUARY 1983 - REVISED OCTOBER 1988 

I • Complete PWM Power Control Circuitry 
I • Completely Synchronized Operation 
I • Internal Undervoltage Lockout Protection 
I • Wide Supply Voltage Range 

• Internal Short-Circuit Protection 

• Oscillator Frequency ... 500 kHz Max 

• Variable Dead Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 2.5-V 
Reference Supply 

description 

The TL1451AC incorporates on a single monolithic chip all the functions required in the construction of two 
pulse-width-modulation control circuits. Designed primarily for power supply control, the TL1451AC contains 
an on-chip 2.5-V regulator, two error amplifiers, an adjustable oscillator, two dead-time comparators, 
undervoltage lockout circuitry, and dual common-emitter output transistor circuits. 

The uncommitted output transistors provide common-emitter output capability for each controller. The 
internal amplifiers exhibit a common-mode voltage range from 1.04 V to 1.45 V. The dead-time control 
comparator has no offset unless externally altered and may be used to provide 0% to 100% dead time. The 
on-chip oscillator may be operated by terminating Rj (pin 2) and Cj (pin 1). During low Vcc conditions, the 
undervoltage lockout control circuit feature locks the outputs off until the internal circuitry is operational. 

The TL1451AC is characterized for operation from -20°C to 85°C. 

functional block diagram 


D OR N PACKAGE 

(TOP VIEW) 

c T q 


Href 

RtC 

2 15 

Hscp 

ERROR flN+C 

3 14 

□ iN+'t ERROR 

AMPLIFIER 1 \lN- Q 

4 13 

Din-/ amplifier 2 

1 FEEDBACK C 

5 12 

H2 FEEDBACK 

DEAD-TIME CONTROL C 

6 11 

3 2 DEAD-TIME CONTROL 

1 OUTPUT E 

7 10 

□ 2 OUTPUT 

GND C 

8 9 

Hvcc ■■■■■■ 


2 


Vcc Rt C T 



2 OUTPUT 


REF 


1 OUTPUT 


GND 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL1451AC 

DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


absolute maximum ratings over operating free-air temperature range 



Supply voltage, Vqc. 41 V 

Amplifier input voltage . 20 V 

Collector output voltage . 51 V 

Collector output current . 21 mA 

Continuous total dissipation. See Dissipation Rating Table 

Operating free-air temperature range . -20°C to 85°C 

Storage temperature range.. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260°C 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25°C 

DERATING FACTOR 

T A = 70°C 

T A = 85°C 

POWER RATING 

ABOVE T A = 25°C 

POWER RATING 

POWER RATING 

D 

500 mW 

4.0 mW/°C 

320 mW 

260 mW 

N 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqq 

3.6 

40 

V 

Amplifier input voltage, V| 

1.05 

1.45 

V 

Collector output voltage, Vq 

50 

V 

Collector output current 

20 

mA 

Current into feedback terminal 

45 

juiA 

Feedback resistor, Rp 

100 

kfl 

Timing capacitor, Cj 

150 

15000 

PF 

Timing resistor, Rj 

5.1 

100 

kfl 

Oscillator frequency 

1 500 

kHz 

Operating free-air temperature, T A 

-20 

85 

°C 


electrical characteristics over recommended operating free-air temperature range, Vqc = 6 V, 
f = 200 kHz (unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYPt 

MAX 

UNIT 

Output voltage (pin 16) 

O 

II 

i 

2.4 

2.5 

2.6 

V 

Output voltage change with temperature 

T A = — 20°C to 25°C 


-0.1% 

±1% 


T A = 25°C to 85°C 


—0.2% 

±1% 


Input regulation 

VCC = 3.6 V to 40 V 


2 

12.5 

mV 

Output regulation 

Iq = 0.1 mAto 1 mA 

1 7.5 

mV 

Short-circuit output current 

< 

o 

II 

o 

3 

10 

30 

mV 


undervoltage lockout section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYPt MAX 

UNIT 

Upper threshold voltage (pin 9) 

lOref = 0- 1 mA, 

T A = 25°C 

2.72 

V 

Lower threshold voltage (pin 9) 

lOref = 0.1 mA, 

T A = 25°C 

2.6 

V 

Hysteresis (pin 9) 

lOref = 0.1 mA, 

T A = 25°C 

80 

120 

mV 

Reset threshold voltage (pin 9) 

iQref = 0.1 mA, 

T A = 25°C 

1.5 

1.8 

V 


t All typical values are at T A = 25°C. 
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TL1451AC 

DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vqc = 6 V, 
f = 200 kHz (unless otherwise noted) (continued) 

protection control section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYPt 

MAX 

UNIT 

Input threshold voltage (pin 15) 

TA = 25°C 

0.65 

0.7 

0.75 

V 

Standby voltage (pin 15) 

No pullup 

140 

185 

230 

mV 

Latched input voltage (pin 15) 

No pullup 


60 

120 

mV 

Input (source) current 

V| = 0.7 V, 

T A = 25°C 

-10 

-15 

-20 

HA 

Comparator threshold voltage (pins 5 and 12) 


1.18 

V 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Frequency 

Cj = 330 pF, R T = 10kn 

200 

kHz 

Standard deviation of frequency 

Cj = 330 pF, R T =10kO 

10% 


Frequency change with voltage 

V CC = 3.6 V to 40 V 

1% 


Frequency change with temperature 

T A = -20°C to 25°C 

-0.4% ±2% 


T A = 25°C to 85°C 

-0.2% ±2% 


dead-time control section 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Input bias current (pins 6 and 11) 


1 

pA 

Latch mode (source) current (pins 6 and 11) 

T A = 25°C 

-80 -145 

pA 

Latched input voltage (pins 6 and 11) 

Iq = 40 pA 

2.3 

V 

Input threshold voltage at f = 10 kHz (pins 6 and 11) 

Zero duty cycle 

2.05 2.25 

V 

Maximum duty cycle 

1.2 1.45 


error-amplifier section 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Input offset voltage 

Vo (pins 5 and 12) = 1.25 V 

±6 

mV 

Input offset current 

Vq (pins 5 and 12) = 1.25 V 

±100 

nA 

Input bias current 

V 0 (pins 5 and 12) = 1.25 V 

160 500 

nA 



1.05 


Common-mode input voltage range 

Vcc = 3.6 V to 40 V 

to 

V 



1.45 


Open-loop voltage amplification 

Rp = 200 kft 

o 

00 

o 

dB 

Unity-gain bandwidth 


1.5 

MHz 

Common-mode rejection ratio 


o 

CO 

o 

CO 

dB 

Positive output voltage swing 


Vref-0.1 

V 

Negative output voltage swing 


1 

V 

Output (sink) current (pins 5 and 12) 

V|D=-0.1V, Vq = 1.25 V 

0.5 1.6 

mA 

Output (source) current (pins 5 and 12) 

V iD = 0.1V, V 0 = 1.25 V 

-45 -70 

pA 


t All typical values are at T A = 25°C 
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TL1451AC 

DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vqc = 6 V, 
f = 200 kHz (unless otherwise noted) (continued) 

output section 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Collector off-state current 

V 0 = 50 V 

10 

HA 

Output saturation voltage 

Iq = 10 mA 

1.2 2 

V 

Short-circuit output current 

O 

O) 

< 

90 

mA 


pwm comparator section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYPt MAX 

UNIT 

Input threshold voltage 

Zero duty cycle 

2.05 2.25 


at f = 10 kHz (pins 5 and 12) 

Maximum duty cycle 

1.2 

1.45 


Input (sink) current (pins 5 and 12) 

V| = 1.25 V 

0.5 

1.6 

mA 

Input (source) current (pins 5 and 12) 

V| = 1.25 V 

-45 

-70 

HA 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

Standby supply current 

Off-state 

1.3 

1.8 

mA 

Average supply current 

R T = 10 kn 

1.7 

2.4 

mA 


t All typical values are at T/\ = 25°C. 
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TL1451AC 

DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


TYPICAL APPLICATION DATA 



Values for R1 through R7, Cl through C4, and LI and L2 depend upon individual application. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


■ • Power-On Reset Generator 

I • Automatic Reset Generation After Voltage 
I Drop 

I • Wide Supply Voltage Range ... 3 V to 18 V 

• Precision Voltage Sensor 

• Temperature-Compensated Voltage Reference 

• True and Complement Reset Outputs 

• Externally Adjustable Pulse Width 

description 


D2722, APRIL 1983-REVISED OCTOBER 1988 


D OR P PACKAGE 


(TOP VIEW) 

REF 
RESIN 
CT 
GND 


TUff 

2 7 

3 6 

4 5 


H vcc 

U SENSE 
D RESET 
U RESET 



The TL7702A series are monolithic integrated circuit supply voltage supervisors specifically designed for 
use as reset controllers in microcomputer and microprocessor systems. To ensure that the microcomputer 
system has reset, the TL7702A series initiates an internal time delay that delays the return of the reset 
outputs to their inactive states. Since the time delay for most microcomputers and microprocessors is 
in the order of several machine cycles, the device internal time delay is determined by an external capacitor 
connected to the Cy input (pin 3). 


td = 1.3 x 104 x Cy 

Where: Cj is in farads (F) and td is in seconds(s) 


During power-up, the outputs are undefined until the supply voltage Vcc reaches a minimum value of 
3.6 V. During power-down, with the SENSE input below the threshold voltage, the outputs remain active 
until the supply voltage Vcc falls below a maximum of 2 V after which the outputs are undefined. See 
Timing Diagram. Suggested circuits to eliminate undefined states are shown in Figures 3 and 4. 

In addition, when the supply voltage drops below the nominal value, the outputs will be active until the 
supply voltage returns to the nominal value. An external capacitor (typically 0.1 fiF) must be connected 
to the REF output (pin 1) to reduce the influence of fast transients in the supply voltage. 

The TL7702AI series is characterized for operation from -25°C to 85 °C; the TL7702AC series is 
characterized from 0°C to 70 °C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specificetions per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SUPPLY VOLTAGE SUPERVISORS 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vcc ( see No te 1). 20 V 

Input voltage range at RESIN. -0.3 V to 20 V 

Input voltage at SENSE: TL7702A (see Note 2). -0.3 V to 6 V 

TL7705A. -0.3 V to 10 V 

TL7709A. -0.3 V to 15 V 

TL7712A. -0.3 V to 20 V 

TL7715A. -0.3 V to 20 V 

High-level output current at RESET . -30mA 

Low-level output current at RESET. 30 mA 

Continuous total dissipation. See Dissipation Rating Table 

Operating free-air temperature range: TL77 — I. -25°C to 85 °C 

TL77_C. 0°C to 70°C 

Storage temperature range . -65°C to 150°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T a < 25°C 

DERATING FACTOR 

O 

o 

O 

P" 

1 

< 

1- 

H 

> 

1 

00 

01 

0 

O 

POWER RATING 

ABOVE T a - 25 °C 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

P 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 


recommended operating conditions 



MIN 

NOM MAX 

UNIT 

Supply voltage, Vcc 

3.6 

18 

V 

High-level input voltage at RESIN, V||_| 

2 

V 

Low-level input voltage at RESIN, V|l 

0.6 

V 


TL7702A 

0 

See Note 2 



TL7705A 

0 

10 


Voltage at SENSE, V| 

TL7709A 

0 

15 

V 


TL7712A 

0 

20 



TL7715A 

0 

20 


High-level output current at RESET, Iqh 

-16 

mA 

Low-level output current at RESET, Iql 

16 

mA 

Operating free-air temperature range, T A 

TL77_I 

-25 

85 

op 

TL77_C 

0 

70 



NOTE 2: For proper operation of the TL7702A, the voltage applied to the SENSE terminal should not exceed Vcc ~ 1 V or 6 V, whichever 
is less. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


electrical characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 


PARAMETER 




Vqh High-level output voltage at RESET 

Iqh = -16 mA 

Vcc-1.5 

V 

Vql Low-level output voltage at RESET 

Iql = 16 mA 

0.4 

V 

V re f Reference voltage 

T A = 25 °C 

2.48 2.53 2.58 

V 

Negative-going 

Vy_ threshold voltage 

at SENSE input 

TL7702A 

V C C = 3.6 V to 18 V, 

T A = 25 °C 

2.48 2.53 2.58 

V 

TL7705A 

4.5 4.55 4.6 

TL7709A 

7.5 7.6 7.7 

TL7712A 

10.6 10.8 11 

TL7715A 

13.2 13.5 13.8 

Vhys Hysteresis* at SENSE input 

TL7702A 

V C C = 3.6 V to 18 V, 

T A = 25 °C 

10 

mV 

TL7705A 

15 

TL7709A 

20 

TL7712A 

35 

TL7715A 

45 

l| Input current at RESIN input 

V| = 2.4 V to V C C 

20 

H A 

V, = 0.4 V 

-100 

l| Input current at SENSE input | TL7702A 

V re f < V| < Vqc -1.5 V 

0.5 2 

fiA 

lOH High-level output current at RESET 

V 0 = 18 V 

50 

pA 

lOL Low-level output current at RESET 

o 

II 

o 

> 

-50 

»A 

ICC Supply current 

All inputs and outputs open 

1.8 3 

mA 


All electrical characteristics are measured with 0.1 -/*F capacitors connected at pins 1, 3, and 8 to GND. 

* Hysteresis is the difference between the positive-going input threshold voltage, Vy + , and the negative-going input threshold voltage, Vy _. 


switching characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 5 

MIN TYP MAX 

UNIT 

Minimum pulse duration at SENSE 
fwSfmin) j nput tQ swjtc | 1 outputs 

V| H = V T _ +200 mV, 

V| L = V T _ -200 mV 

2 

flS 

Propagation delay time from 
pd RESIN to RESET 

V C c = 5 V 

1.5 

/iS 

tr 

RESET 

Vcc = 5 V, See Note 3 

0.2 

IIS 

RESET 

3.5 

tf 

RESET 

0.2 


RESET 

3.5 


§ All switching characteristics are measured with 0.1-/iF capacitors connected at pins 1 and 8 to GND. 

NOTE 3: The rise and fall times are measured with a 4.7-kfi load resistor at RESET (pin 5) and RESET (pin 6). 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


PARAMETER MEASUREMENT INFORMATION 


VOLTAGE 
| DROP | 



TYPICAL APPLICATION DATA 



FIGURE 2. MULTIPLE POWER SUPPLY SYSTEM RESET GENERATION 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 











TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 
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FIGURE 5. ELIMINATING UNDEFINED STATES USING A P-N-P TRANSISTOR 
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TL7770-5, TL7770-12, TL7770-15 
DUAL POWER SUPPLY SUPERVISORS 

D3035, OCTOBER 1987-REVISED MAY 1988 


• Power-On Reset Generator dw or n package 

• Automatic Reset Generation After Voltage 
Drop 

• RESET Defined When Vqc Exceeds 1 V 

• Wide Supply Voltage Range ... 3.5 V 
to 18 V 

• Precision Overvoltage and Undervoltage 
Sensing 

• 250-mA Peak Output Current for Driving 
SCR Gates 

• 2-mA Active-Low SCR Gate Drive for False 
Trigger Protection 

• Temperature-Compensated Voltage 
Reference 

• True and Complementary Reset Outputs 

• Externally Adjustable Output Pulse Duration 

description 

The TL7770 is a monolithic integrated circuit system supervisor designed for use as a reset controller in 
microcomputer and microprocessor power supply systems. This device contains two independent supply- 
voltage supervisors that monitor the supplies for overvoltage and undervoltage conditions at the VSO and 
VSU pins, respectively. When Vcc attains the minimum voltage of 1 V during power-up, the RESET output 
becom es active (low). As Vcc approaches 3.5 V, the delay timer function activates latching RESET and 
RESET active (high and low respectively) for a t ime delay, td, after system voltages have achieved 
normal levels. Above Vcc = 3-5 V, taking RESIN low will activate the time delay function, RESET and 
RESET, during normal system voltage levels. To ensure that the microcomputer system has reset, the 
outputs remain active until the voltage at VSU exceeds the threshold value Vj + for a time delay, td, which 
is determined by an external timing capacitor such that: 

td * 20 x 103x capacitance 
where td is in seconds and capacitance is in farads. 

The overvoltage-detection circuit is programmable for a wide range of user designs. During an overvoltage 
condition, an internal SCR is triggered, providing 250 mA peak instantaneous current and 25 mA continuous 
current to the SCR gate drive pin, which can be used to drive an external high-current SCR gate or an 
overvoltage warning circuit. 

The TL7770Q series is characterized for operation from -40°C to 125°C. The TL7770C series is 
characterized for operation from 0°C to 70 °C. 


1 RESIN [T 1 Ui6p V C c 


1CT C 2 
1 RESET C 3 
1 RESET C ^ 

i vsu L 5 

1VS0 C 6 
1 SCR DRIVE C 2 
GND Qi 


1 2RESIN 
1 2CT 
H 2RESET 
D 2RESET 
U 2VSU 
U 2VSO 
H 2SCR DRIVE 




PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of ail parameters. 
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DUAL POWER-SUPPLY SUPERVISORS 









TL7770-5, TL7770-12, TL7770-15 
DUAL POWER-SUPPLY SUPERVISORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). 

Input voltage range, V|: 1 VSU, 2V SU, 1VSO, and 2VSO 

Low-level output current (1 RESET and 2RESET), Iol. 

High-level output current (1 RESET and 2RESET), Ioh . 

Continuous total dissipation. 

Operating virtual junction temperature range (see Note 2). . . . 

Storage temperature range . 

Lead temperature 1,6 mm (1/16 in) from case for 10 seconds 


. 20 V 

. -0.3 V to 18 V 

. 20 mA 

. -20mA 

See Dissipation Rating Table 

. -40°C to 1 50 °C 

. -65°C to 1 50°C 

. 260°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


2 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25 °C 

DERATING 

DERATE 

T A - 70 °C 

T a - 125°C 

POWER RATING 

FACTOR 

ABOVE T A 

POWER RATING 

POWER RATING 

DW 

1000 mW 

8.2 mW/°C 

25 °C 

656 mW 

205 mW 

N 

1000 mW 

12.4 mW/°C 

69 °C 

992 mW 

310 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, VqC 

3.5 

18 

V 

Input voltage range, V| (see Note 2) 

1 RESIN, 2RESIN, 1VSU, 2VSU, 2VSO, 1VSO 

0 

18 

v 

Output voltage (1CT and 2CT), Vq 

5 

v 

Output sink current (1CT and 2CT), Iq 

50 

m a 

High-level output current (1 RESET and 2RESET), Iqh 

-16 

mA 

Low-level output current (1 RESET and 2RESET), Iql 

16 

mA 

Continuous output current (1SCR GATE DRIVE and 2SCR GATE DRIVE), Iq 

25 

mA 

Operating free-air temperature, T A 

TL7770Q Series 

-40 

125 

°C 

TL7770C Series 

0 

70 


NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 
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TL7770-5, TL7770-12, TL7770-15 
DUAL POWER-SUPPLY SUPERVISORS 


electrical characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 


supply supervisor section 


PARAMETER | 

TEST CONDITIONS* 

MIN TYP* MAX 


Vqh High-level output voltage 

RESET 

•OH = -15 mA 

Vcc-1-5 


SCR GATE DRIVE 

lOH = -20 mA 

V CC "1.5 

Vql Low-level output voltage 


•OL =15 mA 

0.4 

V 

Undervoltage threshold 

Vj — 

(negative-going) 

TL7770-5 (5-V sense, 1 VSU) 

T A = 25 °C 

4.5 4.55 4.6 

V 

TL7770-12 (12-V sense, 1 VSU) 

10.8 10.9 11.02 

TL7770-15 (15-V sense, 1 VSU) 

13.5 13.64 13.77 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

1.485 1.5 1.515 

TL7770-5 (5-V sense, 1 VSU) 


4.46 4.64 

TL7770-12 (12-V sense, 1 VSU) 

10.68 11.12 

TL7770-15 (15-V sense, 1 VSU) 

13.36 13.91 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

1.47 1.53 

Vj Overvoltage threshold 

TL7770-5, TL7770-12, TL7770-15 

(VSO) 

T A = 25 °C 

2.53 2.58 2.63 

V 

T A = MIN to MAX 

2.48 2.68 

Hysteresis (Vj + - Vj_) 
Vh V s at VSU 

TL7770-5 (5-V sense, 1 VSU) 

T A = 25 °C 

15 

mV 

TL7770-12 (12-V sense, 1 VSU) 

36 

TL7770-15 (15-V sense, 1 VSU) 

45 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

5 

l| Input current 

RESIN 

V| = 5.5 V or 0.4 V 

-10 

HA 

VSO 

V| = 2.4 V 

0.5 2 

•OH High-level output current 

RESET 

Vq = 18 V 

50 

M A 

Iql Low-level output current 

RESET 

o 

II 

o 

> 

-50 


•OH Peak output current 

SCR GATE DRIVE 

Duration = 1 ms 

250 

mA 


total device 


PARAMETER 

TEST CONDITIONS* [ 

MIN TYP* MAX 

UNIT 

•CC Supply current 

1 VSU and 2VSU at > V T + , 1 RESIN and 2RESIN at V C o 
1VSO and 2VSO at 0 V 

T A = 25°C 

5 

mA 

T A = MIN to MAX 

6.5 


* For conditions shown as MIN or MAX, use the appropriate value specified in the recommended operating conditions. 

* Typical values are at Vcc = 5 V, T A = 25 °C. 
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TL7770-5, TL7770-12, TL7770-15 
DUAL POWER-SUPPLY SUPERVISORS 


switching characteristics, Vcc = 5 V, CT open, Ta = 25 °C 


PARAMETER 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 

Propagation delay time, 
low-to-high-level output 

RESIN 

RESET 


270 

500 

ns 

tPHL 

Propagation delay time, 
high-to-low-level output 

RESIN 

RESET 


270 

500 

ns 

tPLH 

Propagation delay time, 
low-to-high-level output 

RESIN 

RESET 

See Figure 1 

270 

500 

ns 

tPHL 

Propagation delay time, 
high-to-low-level output 

RESIN 

RESET 


270 

500 

ns 

tr 

Rise time 


RESET 


75 

ns 

tf 

Fall time 



150 

tr 

Rise time 


RESET 


75 

ns 

tf 

Fall time 



50 

tw(min) 

Minimum effective 

RESIN 


See Figure 2(a) 

150 

ns 

pulse duration 

vsu 


See Figure 2(b) 

100 
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TL7770-5, TL7770-12, TL7770-15 
DUAL POWER-SUPPLY SUPERVISORS 


PARAMETER MEASUREMENT INFORMATION 



5 V 



RESET OUTPUT CONFIGURATION 


5 V 



NOTE A: Includes jig and probe capacitance. 

FIGURE 1. RESET AND RESET OUTPUT CONFIGURATIONS 


■ ■ ■■ "" v | I / 5 V 

\- /—25V 

—. J -o V 


(a) RESIN 




• Vj + 2 

-/--v T 

/-V T - 2 


(b) VSU 


V 

V 


WAVEFORMS 

FIGURE 2. INPUT PULSE DEFINITION 
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TL7780-5, TL7780-12, TL7780-15 
SYSTEM SUPERVISORS 


I D3016, NOVEMBER 1988 

• Power-On Reset Generator 

• Automatic Reset Generation After Voltage 
Drop 

• Wide Supply Voltage Range ... 3.5 V 
to 18 V 

• Dual Precision Undervoltage Comparators 

• Temperature-Compensated Voltage 
Reference 

• True and Complementary Reset Outputs 
• Externally Adjustable Pulse Duration 
• Outputs Valid When Vcc Exceeds 1 V 
• Precision Watchdog Function 
• Externally Set Timing Window 
• Externally Set Delay 

description 

The TL7780 is a monolithic integrated circuit system supervisor designed for use as a reset controller in 
microcomputer and microprocessor power supply systems. This device contains two independent supply- 
voltage supervisors and one watchdog function. The voltage supervisors monitor the suppl y voltage s at the 
VSU pins. When Vqq attains the minimum voltage of 1 V during power-up, the RE SET an d RESET outputs 
become active (high and low, respectively) to prevent undefined operation. Taking RESIN low has the same 
effect. To ensure that the microcomputer system has reset, the outputs remain active after the voltage at VSU 
exceeds the threshold value Vj+ for a time delay (td) determined by an external timing capacitor such that: 

td = (constant to be determined) X capacitance 
where t<j is in seconds and capacitance is in farads 

The “watchdog” function monitors the system activity by sensing the positive edge of a programmer¬ 
generated signal at WCLK. An on-board current source generates a voltage ramp v CWC j across the external 
capacitor connected to CWD, which is compared to a timing window (set by external resistors connected to 
RWL and RWH) at the instant of the occurrence of the positive edge of the programmer-generated signal 
WCLK. If the positive edge of WCLK occurs b efore v cwc j reaches the voltage at RWL or after v C wd reaches the 
voltage at RWH, then 1 RESET and 1 RESET become active, resetting the system for a period td. A precision 
current source, which tracks with the CWD charging current, allows RWL and RWH to be set by external 
resistors, creating a temperature-compensated “watchdog” window. 

To set up the required frequency window for WCLK, the following conditions must exist: 

1) CwD > pF, RWL > 10 kO, RwH > 40 kfl 

2) f|_ = —— x CWD. fH = —^- x CWD 
RWH RWL 

The TL7780Q series is characterized for operation from -40°C to 125°C. The TL7780C series is characterized 
for operation from 0°C to 70°C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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DORN PACKAGE 
(TOP VIEW) 


1 RESIN □ 

7T 

J 16 

H vcc 

1CT C 

2 

15 

J2RESIN 

1 RESET C 

3 

14 

I]2CT 

1 RESET H 

4 

13 

]2RESET 

i vsu C 
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12 

J2RESET 

RWL C 

6 

11 

2 2VSU 

RWH C 

7 

10 

2 WCLK 

GND C 

8 

9 

2 CWD 
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TL7780-5, TL7780-12, TL7780-15 
SYSTEM SUPERVISORS 


logic diagram (each channel)t 



t Pin numbers for channel 1 are shown; pin 16 is common to both channels. 


functional timing diagram 
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TL7780-5, TL7780-12, TL7780-15 
SYSTEM SUPERVISORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1).20 V 

Input voltage range 1 RESIN, 2RESIN, 1VSU, 2VSU).-0.3VtoVcC 

High-level output current 1 RESET and 2RESET , Ioh: . -20 mA 

Low-level output current 1 RESET and 2RESET, Iol : . 20 mA 

Continuous total dissipation.See Dissipation Rating Table 

Operating virtual junction temperature range.-40°C to 150°C 

Storage temperature range.-65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25°C 

POWER RATING 

DERATING FACTOR 

ABOVE T A =25°C 

T A = 70°C 

POWER RATING 

T A = 125°C 

POWER RATING 

D 

950 mW 

7.6 mW/°C 

608 mW 

190 mW 

N 

1000 mW 

12.5 mW/°C 

1000 mW 

312 mW 



recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqq 

3.5 

18 

V 

Input voltage, V| 

1 RESIN, 2RESIN, 1VSU, 2VSU, V|, See Note 2 

-0.3 

18 

V 

Output voltage (1CT and 2CT), Vq 

5 

V 

Output sink current (1CT and 2CT), Iq 

50 

MA 

High-level output current (1 RESET and 2RESET), Ioh 

-16 

mA 

Low-level output current (1 RESET and 2RESET), Iql 

16 

mA 

Operating free-air temperature, T A 

TL7780Q Series 

-40 

125 

°C 

TL7780C Series 

0 

70 



NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for input 
voltage levels and temperature only. 
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TL7780-5, TL7780-12, TL7780-15 
SYSTEM SUPERVISORS 


electrical characteristics over recommended ranges of supply voltage, input voltage, output 
current, and operating free-air temperature (unless otherwise noted) 

supply supervisor section 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Vqh High-level output voltage 

RESET 

Iqh = -15 mA 

VcC-1-5 

V 

Vql Low-level output voltage 

RESET 

Iql =15 mA 

0.4 

V 

v Undervoltage threshold 

(negative-going) 

TL7780-5 (5-V sense, 1VSU) 

Ta = 25°C 

4.5 4.55 4.6 

V 

TL7780-12 (12-V sense, 1VSU) 

10.8 10.9 11.02 

TL7780-15 (15-V sense, 1VSU) 

13.5 13.64 13.77 

TL7780-5, TL7780-12, TL7780-15 
(programmable sense, 2VSU) 

1.485 1.5 1.515 

TL7780-5 (5-V sense, 1VSU) 


4.46 4.64 

TL7780-12 (12-V sense, 1VSU) 

CM 

CO 

CO 

d 

TL7780-15 (15-V sense, 1VSU) 

13.36 13.91 

TL7780-5, TL7780-12, TL7780-15 
(programmable sense, 2VSU) 

1.47 1.53 

Vhwo H y steresis (VT+ ~ Vj-) 

nys atVSU 

TL7780-5 (5-V sense, 1VSU) 

T A = 25°C 

15 

mV 

TL7780-12 (12-V sense, 1VSU) 

36 

TL7780-15 (15-V sense, 1VSU) 

45 

TL7780-5, TL7780-12, TL7780-15 
(programmable sense, 2VSU) 

5 

l| Input current 

RESIN 

V| = 5.5 V or 0.4 V 

-10 

PA 

lOH High-level output current 

RESET 

O 

II 

00 

< 

50 

pA 

Iql Low-level output current 

RESET 

O 

II 

o 

-50 

pA 


electrical characteristics over recommended ranges of supply voltage, input voltage, output 
current, and operating free-air temperature, Ct at 0.1 pF to GND (unless otherwise noted) 

“watchdog” section 


PARAMETER 

TEST CONDITIONSt 

MIN TYP 

MAX 

UNIT 

vt 

Input threshold voltage 

WCLK 

V CC = 3.5 V to 18 V 

0.4 

1.8 

V 

'I 

Input current 

WCLK 

V| = 2.4 V 

100 

PA 

V| = 0.4 V 

200 

Charging current 

CWD 

Vqc = 3.5 V to 18 V 

45 

55 

PA 

'O 

Output current 

RWL and RWH 

Vqc = 3.5 V to 18 V 

45 

55 

pA 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Iqq Supply current 

VSU and RESIN at Vqc 

T A = 25°C 

5 

mA 

T A = MIN to MAX 

6.5 


t For conditions shown as MIN or MAX, use the appropriate value specified in the recommended operating conditions. 
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TL7780-5, TL7780-12, TL7780-15 
SYSTEM SUPERVISORS 


switching characteristics, Vqc = 5 V, Cr open, Ta = 25°C (see Figure 1) 
supply supervisor section 


PARAMETER 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tpLH Propagation delay time, low-to-high-level output 

1RESIN 

1 RESET 

C|_ = 15 pF 

100 500 

ns 

tpHL Propagation delay time, high-to-low-level output 

2RESIN 

2RESET 

100 500 

ns 

tPLH Propagation delay time, low-to-high-level output 

2RESIN 

2RESET 

100 500 

ns 

tpm Propagation delay time, high-to-low-level output 

1 RESIN 

1RESET 

100 500 

ns 

t r Rise time 

1 RESET or 2RESET 

75 

ns 

tf Fall time 

50 

t r Rise time 

1 RESET or 2RESET 

75 

ns 

tf Fall time 

50 


“watchdog” section 


PARAMETER 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 

Propagation delay time, low-to-high-level output 

WCLK 

1 RESET 

Cl = 15 pF, 

100 

500 

ns 

tPHL 

Propagation delay time, high-to-low-level output 

WCLK 

1 RESET 

RWL = 60 kil, 

100 

500 

ns 

tPLH 

Propagation delay time, low-to-high-level output 

WCLK 

1 RESET 

RWH = 60 kfl, 

100 

500 

ns 

tPHL 

Propagation delay time, high-to-low-level output 

WCLK 

1RESET 

CWD = 2 V 

100 

500 

ns 

tPLH 

Propagation delay time, low-to-high-level output 

WCLK 

CWD 

CwD = 15 pF 

100 

500 

ns 

tPHL 

Propagation delay time, high-to-low-level output 

WCLK 

CWD 

(probe capacitance) 

100 

500 

ns 
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UA723M, UA723C 
PRECISION VOLTAGE REGULATORS 


■ • 150-mA Load Current Without External 

■ Power Transistor 

I • Typically 0.02% Input Regulation and 
I 0.03% Load Regulation (uA723M) 

i • Adjustable Current Limiting Capability 

• Input Voltages to 40 V 

• Output Adjustable from 2 to 37 V 

• Direct Replacement for Fairchild /*A723M 
and j*A723C 


description 

The uA723M and uA723C are monolithic 
integrated circuit voltage regulators featuring 
high ripple rejection, excellent input and load 
regulation, excellent temperature stability, and 
low standby current. The circuit consists of a 
temperature-compensated reference voltage 
amplifier, an error amplifier, a 150-mA output 
transistor, and an adjustable output current 
limiter. 


D1063, AUGUST 1972-REVISED OCTOBER 1988 


uA723M . . . J PACKAGE 
UA723C . . . D, J, OR N PACKAGE 
(TOP VIEW) 


NCC 
CURR LIM C 
CURR SENS Q 
IN - C 
IN+ C 

refH 
VCC- C 


TTJi 

2 131 




NC 

Dfreq comp 

Hvcc + 

I]V C 

I] OUTPUT 

Dv z 

~2 NC 


UA723M . . . U PACKAGE 
(TOP VIEW) 


CURR SENS < 
IN- £ 
IN + Q 
REF Q 
V CC- C 


] CURR LIM 
] FREQ COMP 

Hvcc + 

Hvc 

J OUTPUT 



NC —No internal connection 


The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, 
switching, or floating regulator. For output currents exceeding 1 50 mA, additional pass elements may be 
connected as shown in Figures 4 and 5. 

The uA723M is characterized for operation over the full military temperature range of - 55 °C to 125 °C. 
The uA723C is characterized for operation from 0°C to 70 °C. 


functional block diagram 


V CC+ FREQUENCY 



PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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UA723M, uA723C 

PRECISION VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Peak voltage from Vcc+ to V CC- (tw — 50 ms). 50 V 

Continuous voltage from Vcc + to Vcc -. 40 V 

Input-to-output voltage differential. 40 V 

Differential input voltage to error amplifier. ±5 V 

Voltage between noninverting input and Vcc-. 8 V 

Current from Vz. 25 mA 

Current from REF. 15 mA 

Continuous total dissipation (see Note 1). See Dissipation Rating Table 

Operating free-air temperature range: uA723M Circuits. -55°C to 125°C 

uA723C Circuits. 0°C to 70 °C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or U package. 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package . 260 °C 


NOTE 1: Power dissipation = [l( s tandby) + *(ref)l V CC + Wc “ Vq1 '0- 


DISSIPATION RATING TABLE 


PACKAGE 

T a < 25°C 
POWER RATING 

DERATING FACTOR 

DERATE 

ABOVE T A 

T a - 70°C 
POWER RATING 

T a - 125°C 
POWER RATING 

D 

950 mW 

7.6 mW/°C 

25 °C 

608 mW 


J (uA-M) 

1000 mW 

11.0 mW/°C 

59 °C 

880 mW 

275 mW 

J (uA-C) 

1000 mW 

8.2 mW/°C 

28 °C 

656 mW 


N 

1000 mW 

9.2 mW/°C 

41 °C 

736 mW 


U 

675 mW 

5.4 mW/°C 

25°C 

432 mW 

135 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, V\ 

9.5 

40 

V 

Output voltage, Vo 

2 

37 

V 

Input-to-output voltage differential, Vq - Vq 

3 

38 

V 

Output current, Iq 

150 

mA 
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UA723M. UA723C 
PRECISION VOLTAGE REGULATORS 


electrical characteristics at specified free-air temperature (see Notes 2 and 3) 


PARAMETER 

TEST CONDITIONS f 

UA723M 

UA723C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input regulation 

V| = 12 V to V| = 15 V 

25 °C 

0.01% 0.1% 

0.01% 0.1% 


V| = 12 V to V| = 40 V 

25 °C 

0.02% 0.2% 

0.1% 0.5% 

V ( = 12 V to V| = 15 V 

Full range 

0.3% 

0.3% 

Ripple rejection 

f = 50 Hz to 10 kHz, C (ref ) = 0 

25°C 

74 

74 

dB 

f = 50 Hz to 10 kHz, C (ref ) = 5 jtF 

25°C 

86 

86 

Output regulation 

Iq = 1 rnA to Iq = 50 mA 

25 °C 

-0.03% -0.15% 

-0.03% -0.2% 


Full range 

-0.6% 

-0.6% 

Reference voltage, 

v (ref) 


25 °C 

6.95 7.15 7.35 

6.8 7.15 7.5 

V 

Standby current 

V| = 30 V, l 0 = 0 

25°C 

2.3 3.5 

2.3 4 

mA 

Temperature 

coefficient of 

output voltage 


Full range 

0.002 0.015 

0.003 0.015 

%/°C 

Short-circuit 

output current 

R SC = 10 0, Vq = 0 

25°C 

65 

65 

mA 

Output noise voltage 

BW = 100 Hz to 10 kHz, C (ref ) = 0 

25 °C 

20 

20 

AV 

BW = 100 Hz to 10 kHz, C (ref) = 5 fiF 

25 °C 

2.5 

2.5 


^Full range for uA723M is -55°C to 125°C and for uA723C is 0°C to 70°C. 

NOTES: 2. For all values in this table, the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier < 10 kfi. Unless 
otherwise specified, V| = Vqq + = Vq = 12 V, Vqq_ = 0, Vq = 5 V, Iq = 1 mA, Rgc = 0- and C( re f) = 0. 

3. Pulse testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 

schematic 


V CC+ V C 



INVERTING INPUT 

INPUT 


RESISTOR AND CAPACITOR VALUES SHOWN ARE NOMINAL. 
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UA723M, UA723C 

PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 

TABLE 1. RESISTOR VALUES (kQ) FOR STANDARD OUTPUT VOLTAGES 


OUTPUT 

VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

OUTPUT 

ADJUSTABLE 

±10% (SEE NOTE 4) 


OUTPUT 

VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

OUTPUT 

ADJUSTABLE 

±10% (SEE NOTE 4) 

(V) 

(SEE NOTE 3) 

R1 

(kQ) 

R2 

(kQ) 

R1 

(kQ) 

PI 

(kQ) 

P2 

(kQ) 


(V) 

(SEE NOTE 3) 

R1 

(kQ) 

R2 

(kQ) 

R1 

(kQ) 

PI 

(kQ) 

P2 

(kQ) 

+ 3.0 

1,5,6.9,11, 

12 (4) 

4.12 

3.01 

1.8 

0.5 

1.2 


+ 100 

7 

3.57 

105 

2.2 

10 

91 

+ 3.6 

1,5,6.9,11, 

12 (4) 

3.57 

3.65 

1.5 

0.5 

1.5 


+ 250 

7 

3.57 

255 

2.2 

10 

240 

+ 5.0 

1,5,6,9,11, 

12 (4) 

2.15 

4.99 

0.75 

0.5 

2.2 


-6 

(Note 5) 

3, (10) 

3.57 

2.43 

1.2 

0.5 

0.75 

+ 6.0 

1,5,6,9,11, 

12 (4) 

1.15 

6.04 

0.5 

0.5 

2.7 


-9 

3, 10 

3.48 

5.36 

1.2 

0.5 

2.0 

+ 9.0 

2,4, (5,6, 

9, 12) 

1.87 

7.15 

0.75 

1.0 

2.7 


-12 

3, 10 

3.57 

8.45 

1.2 

0.5 

3.3 

+ 12 

2,4, (5,6, 

9, 12) 

4.87 

7.15 

2.0 

1.0 

3.0 


-15 

3, 10 

3.57 

11.5 

1.2 

0.5 

4.3 

+ 15 

2,4, (5, 6, 

9, 12) 

7.87 

7.15 

3.3 

1.0 

3.0 


-28 

3, 10 

3.57 

24.3 

1.2 

0.5 

10 

+ 28 

2,4, (5, 6, 

9, 12) 

21.0 

7.15 

5.6 

1.0 

2.0 


-45 

8 

3.57 

41.2 

2.2 

10 

33 

+ 45 

7 

3.57 

48.7 

2.2 

10 

39 


-100 

8 

3.57 

95.3 

2.2 

10 

91 

+ 75 

7 

3.57 

78.7 

2.2 

jO-J 

68 


-250 

8 

3.57 

249 

2.2 

10 

240 


NOTES: 3. The R1 /R2 divider may be across either Vq or V( re f). If the divider is across V( re f), use the figure numbers without parentheses. 
If the divider is across Vq, use the figure numbers in parentheses. 

4. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced by the divider shown below. 



ADJUSTABLE OUTPUT CIRCUIT 

5. The device requires a minimum of 9 V between Vqq + anc * Vqq_ when Vq is equal to or more positive than -9 V. 


2-214 


Texas 

Instruments 


POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 




uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 
TABLE 2. FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from + 2 to + 7 V 
[Figures 1,5,6,9, 11, 12, (4)] 


VO = V( r ef) X ; 


Outputs from +4 to +250 V 
(Figure 7) 


V(rof\ R2 - R1 

v ° - x Si -: 


Current Limiting 


^limit) : 


0.65 V 

Rsc 



Outputs from +7 to +37 V 
[Figures 2,4,(5,6,9, 11, 12)] 


V 0 = V (ref ) X • 


Outputs from - 6 to - 250 V 
[Figures 3,8, 10] 


V(ref) R1 + R2 

Vn =-^ X -; 

U 2 R1 


Foldback Current Limiting 
[Figure 6] 


•(knee) ~ 


VqR3 + (R3 + R4) 0.65 V 

Rsc R4 


0.65 V R3 + R4 
' 0S ~ R SC X R4 


NOTES: 


3. The R1/R2 divider may be across either Vq or V( re f). If the divider is across V( re f) and uses figures without parentheses, 
use figures with parentheses when the divider is across Vq. 

4. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced by the divider shown at the right. 

5. The device requires a minimum of 9 V between Vqq + and Vqq_ when Vq is equal to or more positive than -9 V. 
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UA723M. uA723C 

PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 



B. R3 may be eliminated for minimum component count. B. R3 may be eliminated for minimum component count. 

Use direct connection (i.e., R 3 = 0). Use direct connection (i.e., R 3 = 0). 

FIGURE 1. BASIC LOW-VOLTAGE REGULATOR FIGURE 2. BASIC HIGH-VOLTAGE REGULATOR 

(Vq = 2 TO 7 VOLTS) (Vq - 7 TO 37 VOLTS) 




FIGURE 4. POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL N-P-N PASS TRANSISTOR) 


NOTE 6 : When 10-lead uA723U devices are used in applications requiring V^, an external 6 . 2 -V regulator diode must be connected in 
series with the OUT terminal. 
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uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


V| 



FIGURE 5. POSITIVE-VOLTAGE REGULATOR FIGURE 6. FOLDBACK CURRENT LIMITING 

(EXTERNAL P-N-P PASS TRANSISTOR) 



FIGURE 7. POSITIVE FLOATING REGULATOR FIGURE 8. NEGATIVE FLOATING REGULATOR 


NOTE 6: When 10-lead uA723U devices are used in applications requiring V^, an external 6.2-V regulator diode must be connected in 
series with the OUT terminal. 
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UA723M, UA723C 

PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 



V| 



FIGURE 9. POSITIVE SWITCHING REGULATOR 



NOTES: 


5. The device requires a minimum of 9 V between VqC+ and V CC- when v O is e dual to or more positive than -9 V. 

6 . When 10-lead uA723U devices are used in applications requiring V;?, an external 6.2-V regulator diode must be connected 
in series with the OUT terminal. 

7. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with an 0.009-inch 
air gap. 
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UA723M, UA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


V| 



NOTE A: Current limit transistor may be used for shutdown if 
current limiting is not required. 

FIGURE 11. REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 



NOTE 6: When 10-lead uA723U devices are used in applications requiring V£, an external 6.2-V regulator diode must be connected in 
series with the OUT terminal. 
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■ • 3-Terminal Regulators 
I • Output Current Up to 1.5 A 
I • No External Components 
I • Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild /tA7800 
Series 


description 

This series of fixed-voltage monolithic 
integrated-circuit voltage regulators is designed 
for a wide range of applications. These 
applications include on-card regulation for 
elimination of noise and distribution problems 
associated with single-point regulation. Each of 
these regulators can deliver up to 1.5 amperes 
of output current. The internal current limiting 
and thermal shutdown features of these 
regulators make them essentially immune to 
overload. In addition to use as fixed-voltage 
regulators, these devices can be used with 
external components to obtain adjustable output 
voltages and currents and also as the power- 
pass element in precision regulators. 


schematic 


SERIES UA7800 
POSITIVE-VOLTAGE REGULATORS 

D2154, MAY 1976-REVISED APRIL 1988 


NOMINAL 

OUTPUT 

VOLTAGE 

REGULATOR 

5 V 

UA7805C 

6 V 

UA7806C 

8 V 

uA7808C 

8.5 V 

UA7885C 

10 V 

UA7810C 

12 V 

UA7812C 

15 V 

UA7815C 

18 V 

UA7818C 

24 V 

UA7824C 


KC PACKAGE 


(TOP VIEW) 


P 



OUTPUT 

COMMON 

INPUT 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


Tfxas ^ 
Instruments 


Copyright © 1982, Texas Instruments Incorporated 

2-221 


POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 


Data Sheets 




Data Sheets 


SERIES UA7800 

POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 



1 

uA78_ C 

UNIT 

Input voltage 

UA7824C 

40 

V 

All others 

35 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) 

2 

w 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 

15 

w 

Operating free-air, case, or virtual junction temperature range 

0 to 150 

°c 

Storage temperature range 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

°c 


NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and 
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated 
dissipation. 


FREE-AIR TEMPERATURE 


CASE TEMPERATURE 



25 50 75 100 125 

Ta—F ree-Air Temperature—°C 

FIGURE 1 


150 



25 50 75 100 125 

Tq —Case Temperature— °C 

FIGURE 2 


150 


recommended operating conditions 



MIN 

MAX 

UNIT 


UA7805C 

7 

25 



UA7806C 

8 

25 



UA7808C 

10.5 

25 



UA7885C 

10.5 

25 


Input voltage, V| 

UA7810C 

12.5 

28 

V 


UA7812C 

14.5 

30 



UA7815C 

17.5 

30 



UA7818C 

21 

33 



UA7824C 

27 

38 


Output current, Iq 

1.5 

A 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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UA7805C, UA7806C 
POSITIVE-VOLTAGE REGULATORS 


uA7805C electrical characteristics at specified virtual junction temperature, V| = 10 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7805C 

UNIT 

MIN TYP MAX 

Output voltage * 


O 

in 

CN 

4.8 5 5.2 

V 

Iq = 5 mA to 1 A, V| = 7 V to 20 V, 

P < 15 W 

0°C to 125°C 

4.75 5.25 

Input regulation 

V| =7 V to 25 V 

25 °C 

3 100 

mV 

V| = 8 V to 12 V 

1 50 

Ripple rejection 

V| = 8 V to 18 V, f = 120 Hz 

0°C to 125 °C 

00 

r* 

CM 

CO 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25 °C 

15 100 

mV 

lO = 250 mA to 750 mA 

5 50 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.017 

n 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1.1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

40 

mV 

Dropout voltage 

lO = 1 A 

25°C 

2.0 

V 

Bias current 


25°C 

4.2 8 

mA 

Bias current change 

V| = 7 V to 25 V 

0°C to 125°C 

1.3 

mA 

Iq = 5 mA to 1 A 

' 0.5 

Short-circuit output current 


25 °C 

750 

mA 

Peak output current 


25°C 

2.2 

A 


uA7806C electrical characteristics at specified virtual junction temperature, V| = 11 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7806C 

UNIT 

MIN TYP MAX 

Output voltage* 


25 °C 

5.75 6 6.25 

V 

lO = 5 mA to 1 A, V| = 8 V to 21 V, 

P < 15 W 

0°C to 125°C 

5.7 6.3 

Input regulation 

V| = 8 V to 25 V 

O 

0 

LO 

CN 

5 120 

mV 

V| =9 V to 13 V 

1.5 60 

Ripple rejection 

V| =9 V to 19 V, f = 120 Hz 

0°C to 125°C 

59 75 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25 °C 

14 120 

mV 

lO = 250 mA to 750 mA 

4 60 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.019 

0 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

45 

mV 

Dropout voltage 

l 0 = 1 A 

25 °C 

2.0 

V 

Bias current 


25°C 

4.3 8 

mA 

Bias current change 

V| = 8 V to 25 V 

0°C to 125°C 

1.3 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25 °C 

550 

mA 

Peak output current 


25 °C 

2.2 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA7808C, UA7885C 
POSITIVE-VOLTAGE REGULATORS 


uA7808C electrical characteristics at specified virtual junction temperature, V| ■ 14 V f lo ■ 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7808C 

UNIT 

MIN TYP MAX 

Output voltage * 


25 °C 

7.7 8 8.3 

V 

l 0 = 5 mA to 1 A, V| = 10.5 V to 23 V, 

P < 15 W 

0°C to 125°C 

7.6 8.4 

Input regulation 

V| =10.5 V to 25 V 

25 °C 

6 160 

mV 

V| = 11 V to 17 V 

o 

00 

CM 

Ripple rejection 

V| = 11.5 V to 21.5 V, f = 120 Hz 

0°C to 125°C 

55 72 

dB 

Output regulation 

1(3 = 5 mA to 1.5 A 

25°C 

12 160 

mV 

Iq = 250 mA to 750 mA 

4 80 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.016 

fl 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

52 

mV 

Dropout voltage 

l 0 = 1 A 

25 °C 

2.0 

V 

Bias current 


25 °C 

4.3 8 

mA 

Bias current change 

V| = 10.5 V to 25 V 

0°C to 125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25°C 

450 

mA 

Peak output current 


25°C 

2.2 

A 


uA7885C electrical characteristics at specified virtual junction temperature, V| = 15 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7885C 

UNIT 

MIN TYP MAX 

Output voltage * 


25°C 

8.15 8.5 8.85 

V 

lO = 5 mA to 1 A, V| = 11 V to 23.5 V, 

P < 15 W 

0°C to 125°C 

8.1 8.9 

Input regulation 

V| = 10.5 V to 25 V 

25 °C 

6 170 

mV 

V ( =11 V to 17 V 

2 85 

Ripple rejection 

V| =11.5 V to 21.5 V, f = 120 Hz 

0°C to 125°C 

54 70 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

12 170 

mV 

Iq = 250 mA to 750 mA 

4 85 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.016 

0 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

55 

mV 

Dropout voltage 

lO = 1 A 

25 °C 

2.0 

V 

Bias current 


25°C 

4.3 8 

mA 

Bias current change 

V| = 10.5 V to 25 V 

0°C to 125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25 °C 

450 

mA 

Peak output current 


25°C 

2.2 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


2-224 


TirvAC 

Instruments 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 





UA7810C, UA7812C 
POSITIVE-VOLTAGE REGULATORS 


uA7810C electrical characteristics at specified virtual junction temperature, V| - 17 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7810C 

UNIT 

MIN TYP MAX 

Output voltage* 


25 °C 

9.6 10 10.4 

V 

lO = 5 mA to 1 A, V| = 12.5 V to 25 V, 

P < 15 W 

0°C to 125°C 

9.5 10 10.5 

Input regulation 

V| =12.5 V to 28 V 

25 °C 

7 200 

mV 

V ( = 14 V to 20 V 

2 100 

Ripple rejection 

V| = 13 V to 23 V, f = 120 Hz 

0°C to 125°C 

55 71 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25 °C 

12 200 

mV 

lO = 250 mA to 750 mA 

4 100 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.018 

Q 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

- 1.0 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

70 

mV 

Dropout voltage 

lO = * A 

25 °C 

2.0 

V 

Bias current 


25 °C 

4.3 8 

mA 

Bias current change 

V| = 12.5 V to 28 V 

0°C to 125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25 °C 

400 

mA 

Peak output current 


25 °C 

2.2 

A 


uA7812C electrical characteristics at specified virtual junction temperature, V| * 19 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7812C 

UNIT 

MIN TYP MAX 

Output voltage* 


25 °C 

11.5 12 12.5 

V 

lO = 5 mA to 1 A, V| = 14.5 V to 27 V, 

P < 15W 

0°C to 125°C 

11.4 12.6 

Input regulation 

V| = 14.5 V to 30 V 

25°C 

o 

£ 

o 

mV 

V| =16 V to 22 V 

3 120 

Ripple rejection 

V| =15 V to 25 V, f = 120 Hz 

0°C to 125°C 

55 71 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25 °C 

12 240 

mV 

lO = 250 mA to 750 mA 

4 120 

Output resistance 

f = 1 kHz 

0°C to 1 25°C 

0.018 

Q 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 1 25 °C 

-1.0 

O 

> 

E 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

75 

mV 

Dropout voltage 

lO = 1 A 

25 °C 

2.0 

V 

Bias current 


o 

o 

LO 

CM 

00 

CO 

mA 

Bias current change 

V| = 14.5 V to 30 V 

0°C to 125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


O 

LO 

CM 

350 

mA 

Peak output current 


o 

o 

LO 

CM 

2.2 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA7815C, UA7818C 
POSITIVE-VOLTAGE REGULATORS 


UA7815C electrical characteristics at specified virtual junction temperature, V| = 23 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7815C 

UNIT 

MIN TYP MAX 

Output voltage * 


25°C 

14.4 15 15.6 

V 

l 0 = 5 mA to 1 A. V| = 17.5 V to 30 V, 

P < 15 W 

0°C to 125°C 

14.25 15.75 

Input regulation 

V| =17.5 V to 30 V 

o 

LO 

CM 

11 300 

mV 

V| = 20 V to 26 V 

3 150 

Ripple rejection 

V| = 18.5 V to 28.5 V, f = 120 Hz 

0°C to 125°C 

54 70 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

12 300 

mV 

Iq = 250 mA to 750 mA 

4 150 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.019 

fi 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1.0 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

90 

MV 

Dropout voltage 

lO = 1 A 

25 °C 

2.0 

V 

Bias current 


o 

o 

LO 

CM 

4.4 8 

mA 

Bias current change 

V| = 17.5 V to 30 V 

0°C to 125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25°C 

230 

mA 

Peak output current 


25 °C 

2.1 

A 


uA7818C electrical characteristics at specified virtual junction temperature, V| = 27 V, lo * 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7818C 

UNIT 

MIN TYP MAX 

Output voltage* 


25 °C 

17.3 18 18.7 

V 

Iq = 5 mA to 1 A, V| = 21 V to 33 V, 

P < 15 W 

0°C to 125°C 

17.1 18.9 

Input regulation 

V| = 21 V to 33 V 

25°C 

15 360 

mV 

V| =24 V to 30 V 

5 180 

Ripple rejection 

V| =22 V to 32 V, f = 120 Hz 

0°C to 125°C 

53 69 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25°C 

12 360 

mV 

lO = 250 mA to 750 mA 

4 180 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.022 

Q 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1.0 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

110 

mV 

Dropout voltage 

l 0 = 1 A 

o 

o 

LO 

CM 

2.0 

V 

Bias current 


25 °C 

4.5 8 

mA 

Bias current change 

V t = 21 V to 33 V 

0°C to 125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25°C 

200 

mA 

Peak output current 


25 °C 

2.1 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA7824C 

POSITIVE-VOLTAGE REGULATOR 


uA7824C electrical characteristics at specified virtual junction temperature, V| = 33 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7824C 

UNIT 

MIN TYP MAX 

Output voltage * 


25 °C 

23 24 25 

V 

l 0 = 5 mA to 1 A, V| = 27 V to 38 V, 

P < 15 W 

0°C to 125°C 

22.8 25.2 

Input regulation 

V| = 27 V to 38 V 

25 °C 

00 

-p*. 

00 

o 

mV 

V| =30 V to 36 V 

6 240 

Ripple rejection 

V| =28 V to 38 V, f = 120 Hz 

0°C to 125°C 

50 66 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

12 480 

mV 

Iq = 250 mA to 750 mA 

4 240 

Output resistance 

f = 1 kHz 

0°C to 1 25°C 

0.028 

0 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1.5 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

170 


Dropout voltage 

l 0 = 1 A 

25 °C 

2.0 

V 

Bias current 


25 °C 

4.6 8 

mA 

Bias current change 

V| = 27 V to 38 V 

0°C to 1 25°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25 °C 

150 

mA 

Peak output current 


25 °C 

2.1 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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3-Terminal Regulators 
Output Current Up to 100 mA 
No External Components 
Internal Thermal Overload Protection 
Internal Short-Circuit Limiting 

Direct Replacement for Fairchild ^A78L00 
Series 


SERIES UA78L00 
POSITIVE VOLTAGE REGULATORS 


D2203, JANUARY 1976-REVISED FEBRUARY 1988 


NOMINAL 

5% 

10% 

OUTPUT 

OUTPUT VOLTAGE 

OUTPUT VOLTAGE 

VOLTAGE 

TOLERANCE 

TOLERANCE 

2.6 V 

UA78L02AC 

UA78L02C 

5 V 

UA78L05AC 

UA78L05C 

6.2 V 

UA78L06AC 

UA78L06C 

8 V 

UA78L08AC 

UA78L08C 

9 V 

UA78L09AC 

uA78L09C 

10 V 

uA78L10AC 

uA78L10C 

12 V 

uA78L12AC 

UA78L12C 

15 V 

UA78L15AC 

UA78L15C 


D JG LP 



NC - No internal connection 



description 

This series of fixed-voltage monolithic integrated-circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card regulation for elimination of noise and distribution 
problems associated with single-point regulation. In addition, they can be used with power-pass elements 
to make high-current voltage regulators. One of these regulators can deliver up to 100 mA of output current. 
The internal limiting and thermal shutdown features of these regulators make them essentially immune 
to overload. When used as a replacement for a Zener diode-resistor combination, an effective improvement 
in output impedance can be obtained together with lower-bias current. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SERIES UA78L00 
POSITIVE VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 



UA78L02AC, uA78L02C 

THRU 

UA78L10AC. UA78L10C 

UA78L12AC, uA78L12C 

UA78L15AC, uA78L15C 

UNIT 

Input voltage 

30 

35 

V 

Continuous total dissipation (see Note 1) 

See Dissipation Rating Tables 1 and 2 

Operating free-air, case, or virtual junction temperature range 

0 to 150 

0 to 150 

°c 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 

°c 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations 
in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated 
at power levels slightly above or below the rated dissipation. 



DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 


PACKAGE 

T a < 25 °C 

POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE T a 

T A - 70°C 
POWER RATING 

D 

825 mW 

5.8 mW/°C 

25 °C 

464 mW 

JG 

825 mW 

6.6 mW/°C 

25 °C 

528 mW 

LP* 

775 mW 

6.2 mW/°C 

25°C 

496 mW 


^The LP package dissipation rating is based on thermal resistance Rgj A measured in still 
air with the device mounted in an Augat socket. The bottom of the package was 10 mm 
(0.375 in) above the socket. 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE 


PACKAGE 

T C < 25°C 

POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE Tc 

T C - 125°C 
POWER RATING 

D 

1600 mW 

19.6 mW/°C 

65 °C 

490 mW 

JG 

1600 mW 

17.2 mW/°C 

57 °C 

430 mW 

LP 

1600 mW 

28.6 mW/°C 

94 °C 

715 mW 


recommended operating conditions 


i 

MIN 

MAX 

UNIT 


UA78L02C, UA78L02AC 

4.75 

20 



UA78L05C,UA78L05AC 

7 

20 



UA78L06C, UA78L06AC 

8.5 

20 


Input voltage, V| 

UA78L08C,UA78L08AC 

10.5 

23 

V 

UA78L09C, UA78L09AC 

11.5 

24 


UA78L10C, UA78L10AC 

12.5 

25 



UA78L12C, UA78L12AC 

14.5 

27 



UA78L15C, UA78L15AC 

17.5 

30 


Output current, Iq 

100 

mA 

Operating virtual junction temperature, Tj 

o 

125 

°C 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


UA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature, V| = 9 V # 
Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA78L02AC 

UA78L02C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

2.5 2.6 2.7 

2.4 2.6 2.8 

V 

V| = 4.75 V to 20 V, Iq = 1 mA to 40 mA 

0°C to 

1 25 °C 

2.45 2.75 

2.35 2.85 

Iq = 1 mA to 70 mA 

2.45 2.75 

2.35 2.85 

Input regulation 

V| = 4.75 V to 20 V 

25 °C 

20 100 

20 125 

mV 

V| = 5 V to 20 V 

16 75 

16 100 

Ripple rejection 

V| = 6 V to 16 V, f = 120 Hz 

25°C 

43 51 

42 51 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

12 50 

12 50 

mV 

Iq — 1 mA to 40 mA 

6 25 

6 25 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

30 

30 

mV 

Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25°C 

3.6 6 

3.6 6 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 5 V to 20 V 

0°C to 

1 25 °C 

2.5 

2.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


uA78L05AC, uA78L05C electrical characteristics at specified virtual junction temperature, V| = 10 V, 
Iq - 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA78L05AC 

UA78L05C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

4.8 5 5.2 

4.6 5 5.4 

V 

V| = 7 V to 20 V, Iq = 1 mA to 40 mA 

0°C to 

125°C 

4.75 5.25 

4.5 5.5 

Iq = 1 mA to 70 mA 

4.75 5.25 

4.5 5.5 

Input regulation 

V| = 7 V to 20 V 

25°C 

32 150 

32 200 

mV 

V| = 8 V to 20 V 

26 100 

26 150 

Ripple rejection 

V| = 8 V to 18 V, f = 120 Hz 

25°C 

41 49 

40 49 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

15 60 

15 60 

mV 

Iq = 1 mA to 40 mA 

o 

00 

00 

8 30 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

42 

42 

mV 

Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25°C 

3.8 6 

3.8 6 

mA 

1 25 °C 

5.5 

5.5 

Bias current change 

V| = 8 V to 20 V 

0°C to 

125 °C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.33-nF capacitor across the input and a 0.1 -/iF capacitor 
across the output. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA78L06AC, uA78L06C electrical characteristics at specified virtual junction temperature, V| = 12 V, 
Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

uA78L06AC 

uA78L06C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage * 


25 °C 

5.95 6.2 6.45 

5.7 6.2 6.7 

V 

V| = 8.5 V to 20 V, Iq = 1 mA to 40 mA 

0°C to 

125°C 

5.9 6.5 

5.6 6.8 

Iq = 1 mA to 70 mA 

5.9 6.5 

5.6 6.8 

Input regulation 

V| = 8.5 V to 20 V 

25°C 

35 175 

35 200 

mV 

V| = 9 V to 20 V 

29 125 

29 150 

Ripple rejection 

V| = 10 V to 20 V, f = 120 Hz 

25 °C 

00 

■*t 

o 

39 48 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25°C 

o 

00 

CO 

16 80 

mV 

Iq = 1 mA to 40 mA 

9 40 

9 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

46 

46 

AV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 

3.9 6 

3.9 6 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 9 V to 20 V 

0°C to 

125 °C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


uA78L08AC, uA78L08C electrical characteristics at specified virtual junction temperature, V| = 14 V, 
IQ = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA78L08AC 

UA78L08C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

7.7 8 8.3 

7.36 8 8.64 

V 

V| = 10.5 V to 23 V, Iq = 1 mA to 40 mA 

0°C to 

125 °C 

7.6 8.4 

7.2 8.8 

Iq = 1 mA to 70 mA 

7.6 8.4 

7.2 8.8 

Input regulation 

V| = 10.5 V to 23 V 

25°C 

42 175 

42 200 

mV 

V| = 11 V to 23 V 

36 125 

36 150 

Ripple rejection 

V| = 13 V to 23 V, f = 120 Hz 

25 °C 

37 46 

36 46 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25°C 

o 

00 

00 

o 

00 

00 

mV 

lO = 1 mA to 40 mA 

10 40 

10 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

54 

54 

aV 

Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

4 6 

4 6 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 11 V to 23 V 

0°C to 

125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.33-fiF capacitor across the input and a 0.1 -/iF capacitor 
across the output. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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uA78L09AC, uA78L09C electrical characteristics at specified virtual junction temperature, V| = 16 V, 
IQ = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA78L09AC 

UA78L09C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25°C 

8.6 9 9.4 

8.3 9 9.7 

V 

V| = 12 V to 24 V, Iq = 1 mA to 40 mA 

0°C to 

125 °C 

8.55 9.45 

8.1 9.9 

Iq = 1 mA to 70 mA 

8.55 9.45 

8.1 9.9 

Input regulation 

V| = 12 V to 24 V 

25°C 

45 175 

45 225 

mV 

V| = 13 V to 24 V 

40 125 

40 175 

Ripple rejection 

V| = 15 V to 25 V, f = 120 Hz 

25°C 

38 45 

36 45 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25°C 

CD 

CO 

o 

19 90 

mV 

Iq = 1 mA to 40 mA 

11 40 

11 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

58 

58 

aV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25 °C 

4.1 6 

4.1 6 

mA 

125 °C 

5.5 

5.5 

Bias current change 

V| = 13 V to 24 V 

0°C to 

125 °C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


uA78L10AC, uA78L10C electrical characteristics at specified virtual junction temperature, V| = 17 V, 
Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

u A78L10AC 

UA78L10C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

9.6 10 10.4 

9.2 10 10.8 

V 

V| = 13 V to 25 V, Iq = 1 mA to 40 mA 

0°C to 

125 °C 

9.5 10.5 

9 11 

Iq = 1 mA to 70 mA 

9.5 10.5 

9 11 

Input regulation 

V| = 13 V to 25 V 

25°C 

51 175 

51 225 

mV 

V| = 14 V to 25 V 

42 125 

42 175 

Ripple rejection 

V| = 15 V to 25 V, f = 120 Hz 

25°C 

37 44 

36 44 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25°C 

20 90 

20 90 

mV 

Iq = 1 mA to 40 mA 

11 40 

11 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

62 

62 

mV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25 °C 

4.2 6 

4.2 6 

mA 

125 °C 

5.5 

5.5 

Bias current change 

V, = 14 V to 25 V 

0°C to 

125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.33-^F capacitor across the input and a 0.1-^F capacitor 
across the output. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature, V| = 19 V, 
IQ = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA78L12AC 

UA78L12C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage * 


25 °C 

11.5 12 12.5 

11.1 12 12.9 

V 

V| = 14 V to 27 V, Iq = 1 mA to 40 mA 

0°C to 

1 25 °C 

11.4 12.6 

10.8 13.2 

Iq = 1 mA to 70 mA 

11.4 12.6 

10.8 13.2 

Input regulation 

V| = 14.5 V to 27 V 

25°C 

55 250 

55 250 

mV 

V| = 16 V to 27 V 

49 200 

49 200 

Ripple rejection 

V| = 15 V to 25 V, f = 120 Hz 

25 °C 

37 42 

36 42 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

22 100 

22 100 

mV 

Iq = 1 mA to 40 mA 

CO 

cn 

O 

13 50 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

70 

70 

/*v 

Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25°C 

4.3 6.5 

4.3 6.5 

mA 

125 °C 

6 

6 

Bias current change 

V| = 16 V to 27 V 

0°C to 

125 °C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature, V| = 23 V, 
Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

uA78L15AC 

UA78L15C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

14.4 15 15.6 

13.8 15 16.2 

V 

V| = 17.5 V to 30 V, Iq = 1 mA to 40 mA 

0°C to 

125°C 

14.25 15.75 

13.5 16.5 

Iq = 1 mA to 70 mA 

14.25 15.75 

13.5 16.5 

Input regulation 

V| = 17.5 V to 30 V 

25 °C 

65 300 

65 300 

mV 

V| = 20 V to 30 V 

58 250 

58 250 

Ripple rejection 

V| = 18.5 V to 28.5 V, f = 120 Hz 

25°C 

34 39 

33 39 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

25 150 

25 150 

mV 

Iq = 1 mA to 40 mA 

15 75 

15 75 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

82 

82 


Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

4.6 6.5 

4.6 6.5 

mA 

125°C 

6 

6 

Bias current change 

V| = 10 V to 30 V 

0°C to 

125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.33-fiF capacitor across the input and a 0.1 -/xF capacitor 
across the output. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 


■ • 3-Terminal Regulators 
I • Output Current Up to 500 mA 
I • No External Components 
I • Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild j*A78M00 
Series 

description 

This series of fixed-voltage monolithic 
integrated-circuit voltage regulators is designed 
for a wide range of applications. These 
applications include on-card regulation for 
elimination of poise and distribution problems 
associated with single-point regulation. Each of 
these regulators can deliver up to 500 mA of 
output current. The internal current limiting and 
thermal shutdown features of these regulators 
make them essentially immune to overload. In 
addition to use as fixed-voltage regulators, these 
devices can be used with external components 
to obtain adjustable output voltages and currents 
and also as the power pass element in precision 
regulators. 

terminal assignments 


D2214, JUNE 1976—REVISED APRIL 1988 


NOMINAL 

OUTPUT 

VOLTAGE 

- 55 °C TO 150 °C 

OPERATING 

TEMPERATURE RANGE 

0°C TO 125°C 

OPERATING 

TEMPERATURE RANGE 

5 V 

UA78M05M 

UA78M05C 

6 V 


UA78M06C 

8 V 


UA78M08C 

9 V 


UA78M09C 

10 V 


UA78M10C 

12 V 

UA78M12M 

UA78M12C 

15 V 

UA78M15M 

UA78M15C 

20 V 


UA78M20C 

24 V 


UA78M24C 

PACKAGES 

JG 

KC 


schematic 





PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SERIES UA78M00 
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absolute maximum ratings over operating temperature range (unless otherwise noted) 





UA78M05M 

UA78M05C 





UA78M12M 

THRU 

UNIT 




UA78M15M 

UA78M24C 


Input voltage 

UA78M20, UA78M24 


-40 


All others 

35 

35 


Continuous total dissipation (see Note 1) 

See Dissipation Rating Tables 1 and 2 

Operating free-air, case or virtual junction temperature range 

-55 to 150 

0 to 150 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 


°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

KC package 


260 

°c 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations 
in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated 
at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 1-FREE-AIR TEMPERATURE 


PACKAGE 

T A ^ 25 °C 
POWER RATING 

DERATING FACTOR 
ABOVE T a - 25 °C 

T A - 70 °C 
POWER RATING 

JG 

KC 

1050 mW 

2000 mW 

8.4 mW/°C 

16 mW/°C 

672 mW 

1280 mW 


DISSIPATION RATING TABLE 2-CASE TEMPERATURE 


PACKAGE 

T C < 50°C 

DERATING FACTOR 

Tq - 125°C 

POWER RATING 

ABOVE T C - 50 °C 

POWER RATING 

KC 

20 W 

200 mW/°C 

5 W 


recommended operating conditions 


1 

MIN MAX 

UNIT 

Input voltage, V| 

UA78M05M, uA78M05C 

7 25 

V 

UA78M06C 

8 25 

UA78M08C 

10.5 25 

UA78M09C 

11.5 26 

UA78M10C 

12.5 28 

UA78M12M, UA78M12C 

14.5 30 

UA78M15M, UA78M15C 

17.5 30 

UA78M20C 

23 35 

UA78M24C 

00 

00 

p* 

CM 

Output current, Iq 

All devices 

500 

mA 

Operating virtual junction temperature, Tj 

UA78M05M thru uA78M15M 

-55 150 

°C 

UA78M05C thru UA78M24C 

0 125 
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uA78M05M, uA78M05C electrical characteristics at specified virtual junction temperature, V| = 10 V, lo ■ 350 mA (unless 
otherwise noted) 

~ UA78M05M uA78M05C ~~ 

PARAMETER TEST CONDITIONS* -—-————-— ————— UNIT 


Output voltage* 

Input regulation 

Ripple rejection 

Output regulation 

Temperature coefficient 
of output voltage 

Output noise voltage 
Dropout voltage 
Bias current 

Bias current change 


5 mA to 350 mA 


Iq = 200 mA 


V| = 8 V to 20 V 
V| = 7 V to 20 V 
V| = 7 V to 25 V 
V t = 8 V to 20 V 
V| = 8 V to 25 V 

lO = 100 mA 
Iq = 300 mA 


V| = 8 V to 18 V, 
f = 120 Hz 

Iq = 5 mA to 500 mA 
Iq = 5 mA to 200 mA 

Iq = 5 mA 

f = 10 Hz to 100 kHz 


l 0 = 200 mA, V| = 8 V to 25 V 


Iq = 5 mA to 350 mA 


V| = 35 V 


- 55°C to 1 50°C 
0°C to 125°C 


-55°C to 150°C 
0°C to 125°C 


— 55°C to 25 °C 
25 °C to 150°C 


0°C to 125°C 


- 55 °C to 1 50 °C 
0°C to 125°C 

- 55 °C to 1 50°C 
0°C to 1 25°C 


40 200 

2 2.5 


40 200 

2 2.5 


output current 

Peak output current 25°C 0.5 0.7 1.4 0.7 A 

* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account separately. 
*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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uA78M06C electrical characteristics at specified virtual junction temperature, V| = 11V, 
Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage* 


25 °C 

5.75 6 6.25 

V 

1(3 = 5 mA to 350 mA 

V| = 8 V to 21 V 

0°C to 125°C 

5.7 6.3 

Input regulation 

Iq = 200 mA 

V| = 8 V to 25 V 

25°C 

o 

o 

to 

mV 

V| = 9 V to 25 V 

1.5 50 

Ripple rejection 

V| = 9 V to 19 V, 

f = 120 Hz 

l0 = 100 mA 

0°C to 125°C 

59 

dB 

Iq = 300 mA 

25 °C 

59 80 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

o 

cs 

o 

CN 

mV 

Iq = 5 mA to 200 mA 

10 60 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

45 

mV 

Dropout voltage 


25°C 

2 

V 

Bias current 


25°C 

4.5 6 

mA 

Bias current change 

Iq = 200 mA, V| = 9 V to 25 V 

0°C to 125°C 

0.8 

mA 

Iq = 5 mA to 350 mA 

0°C to 125°C 

0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

270 

mA 

Peak output current 


25 °C 

0.7 

A 


uA78M08C electrical characteristics at specified virtual junction temperature, V| = 14 V, 
Iq - 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage* 


25 °C 

7.7 8 8.3 

V 

Iq = 5 mA to 350 mA 

V| = 10.5 Vto 23 V 

0°C to 125°C 

7.6 8.4 

Input regulation 

Iq = 200 mA 

V| = 10.5 V to 25 V 

25 °C 

6 100 

mV 

V| = 11 V to 25 V 

2 50 

Ripple rejection 

V| = 11.5 V to 21.5 V, 

f = 120 Hz 

l0 = 100 mA 

0°C to 125°C 

56 

dB 

Iq = 300 mA 

25°C 

o 

00 

CO 

in 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

25 160 

mV 

Iq = 5 mA to 200 mA 

10 80 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

52 

MV 

Dropout voltage 


25 °C 

2 

V 

Bias current 


25 °C 

4.6 6 

mA 

Bias current change 

Iq = 200 mA, V| = 10.5 V to 25 V 

0°C to 125°C 

0.8 

mA 

Iq = 5 mA to 350 mA 

0°C to 125°C 

0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

250 

mA 

Peak output current 


25 °C 

0.7 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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uA78M09C electrical characteristics at specified virtual junction temperature, V| « 16 V, lo = 350 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage * 


25 °C 

8.6 9 9.4 

V 

lO = 5 mA to 350 mA 

V| = 11.5 V to 24 V 

0°C to 125°C 

8.5 9.5 

Input regulation 

Iq - 200 mA 

V| = 11.5 V to 26 V 

25 °C 

6 100 

mV 

V| = 12 V to 26 V 

2 50 

Ripple rejection 

V| = 13 V to 23 V, 

f = 120 Hz 

Iq = 100 mA 

0°C to 125°C 

56 

dB 

Iq = 300 mA 

25 °C 

56 80 

Output regulation 

lO = 5 mA to 500 mA 

25 °C 

25 180 

mV 

Iq = 5 mA to 200 mA 

10 90 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 1 25°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

58 

mV 

Dropout voltage 


25 °C 

2 

V 

Bias current 


25 °C 

4.6 6 

mA 

Bias current change 

l 0 = 200 mA, V| = 11.5 V to 26 V 

0°C to 125°C 

0.8 

mA 

lO = 5 mA to 350 mA 

0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

250 

mA 

Peak output current 

25 °C 

0.7 

A 


uA78M10C electrical characteristics at specified virtual junction temperature, V| = 17 V, 
Iq - 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage * 


25 °C 

9.6 10 10.4 

V 

l 0 = 5 mA to 350 mA 

V| = 12.5 V to 25 V 

0°C to 125 °C 

9.5 10.5 

Input regulation 

lO = 200 mA 

V| = 12.5 V to 28 V 

25°C 

7 100 

mV 

V| = 14 V to 28 V 

o 

to 

CM 

Ripple rejection 

V| = 15 V to 25 V, 

f - 120 Hz 

lO = 100 mA 

0°C to 125°C 

59 

dB 

Iq = 300 mA 

25 °C 

55 80 

Output regulation 

l 0 = 5 mA to 500 mA 

25 °C 

25 200 

mV 

Iq = 5 mA to 200 mA 

10 100 

Temperature coefficient 
of output voltage 

l0 — 5 mA 

0°C to 125°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

64 

mV 

Dropout voltage 


25°C 

2 

V 

Bias current 


25 °C 

4.7 6 

mA 

Bias current change 

Iq = 200 mA 

V| = 13.5 V to 28 V 

0°C to 125°C 

0.8 

mA 

V| = 12.5 V to 28 V 

Iq = 5 mA to 350 mA 

0°C to 125°C 

0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

245 

mA 

Peak output current 


25°C 

0.7 

A 


'•’Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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uA78M12M, UA78M12C electrical characteristics at specified virtual junction temperature, V| = 19 V, lo = 350 mA (unless 
otherwise noted) 


a Z 

12 

P> 2 A 

is* 


Output voltage * 

Input regulation 

Ripple rejection 

Output regulation 

Temperature coefficient 
of output voltage 

Output noise voltage 
Dropout voltage 
Bias current 

Bias current change 


TEST CONDITIONS* 


Iq = 5 mA to 350 mA ■ 

Iq = 200 mA 

V| = 15 V to 25 V, 
f = 120 Hz 

Iq = 5 mA to 500 mA 
Iq = 5 mA to 200 mA 

Iq = 5 mA 

f = 10 Hz to 100 kHz 


V| = 

15.5 V to 27 V 

V| = 

14.5 V to 27 V 

V, = 

14.5 V to 30 V 

V| = 

16 V to 25 V 

V, = 

16 V to 30 V 

'0 = 

100 mA 

'0 = 

300 mA 


lO = 200 mA 

Iq = 5 mA to 350 mA 

V| = 35 V 


V| = 1 5 V to 30 V 
y, = 14.5 V to 30 V 


25 °C 

- 55 °C to 1 50 °C 
0°C to 125°C 


- 55 °C to 1 50°C 
0°C to 125°C 
25°C 


-55°C to 25°C 
25 °C to 150 °C 
0°C to 125°C 
25 °C 
25 °C 
25 °C 

- 55 °C to 1 50 °C 
0°C to 1 25°C 

— 55 °C to 1 50°C 
0°C to 125°C 


UA78M12M 

UA78M12C 

MIN TYP MAX 

MIN TYP MAX 

11.5 12 12.5 

11.5 12 12.5 

11.4 12.6 



11.4 12.6 

o 

CO 

00 

8 100 

2 30 



2 50 


55 




55 

dB 

55 80 

55 80 


25 120 

25 240 

mV 

10 60 

10 120 


-4.8 



-3.6 


mV/°C 


-1 


75 480 

75 

mV 

2 2.5 

2 

V 

4.8 7 

4.8 6 

mA 

0.8 




0.8 

mA 

0.5 




0.5 


240 600 

240 

mA 

0.5 0.7 1.4 

0.7 

A 


Short-circuit V| = 35 V 25 °C 240 600 240 mA 

output current_ 

Peak output current_ 25°C _ 0.5 0.7 1.4 _CX7_ A 

* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account separately. 
*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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uA78M15M, uA78M15C electrical characteristics at specified virtual junction temperature, V| = 23 V, lo = 350 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA78M15M 

UA78M15C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage * 


25°C 

14.4 15 15.6 

14.4 15 15.6 

V 

lO = 5 mA to 350 mA 

V| = 18.5 V to 30 V 

- 55 °C to 1 50°C 

14.25 15.75 


V| = 17.5 V to 30 V 

0°C to 125°C 


14.25 15.75 

Input regulation 

Iq = 200 mA 

V| = 17.5 V to 30 V 

25 °C 

10 60 

10 100 

mV 

V| = 20 V to 30 V 

o 

CO 

00 

3 50 

Ripple rejection 

V| = 18.5 V to 28.5 V, 

f = 120 Hz 

lO = 100 mA 

- 55 °C to 1 50 °C 

54 


dB 

0°C to 125°C 


54 

Iq = 300 mA 

25 °C 

54 70 

54 70 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

25 150 

25 300 

mV 

Iq = 5 mA to 200 mA 

10 75 

10 150 

Temperature coefficient 
of output voltage 

l0 = 5 mA 

-55°C to 25°C 

-6 


mV/°C 

25 °C to 150 °C 

-4.5 


0°C to 125°C 


-1 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

90 600 

90 

tN 

Dropout voltage 


25 °C 

2 2.5 

2 

V 

Bias current 


25 °C 

4.8 7 

4.8 6 

mA 

Bias current change 

Iq = 200 mA 

V| = 18.5 V to 30 V 

- 55 °C to 1 50 °C 

0.8 


mA 

V| = 17.5 V to 30 V 

0°C to 125 °C 


0.8 

Iq = 5 mA to 350 mA 

- 55 °C to 150 °C 

0.5 


0°C to 125°C 


0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

240 600 

240 

mA 

Peak output current 


25 °C 

0.5 0.7 1.4 

0.7 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account separately. 
*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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POSITIVE VOLTAGE REGULATORS 
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UA78M20C 

POSITIVE-VOLTAGE REGULATOR 


uA78M20C electrical characteristics at specified virtual junction temperature, V| = 29 V, lo = 350 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt ] 

MIN TYP MAX 

UNIT 

Output voltage * 

_ 

25 °C 

19.2 20 20.8 

V 

Iq = 5 mA to 350 mA 

V| = 23 V to 35 V 

0°C to 125°C 

19 21 

Input regulation 

Iq = 200 mA 

V| = 23 V to 35 V 

25°C 

10 100 

mV 

Vj = 24 V to 35 V 

5 50 

Ripple rejection 

V| = 24 V to 34 V, 

f = 120 Hz 

Iq = 100 mA 

0°C to 125°C 

53 

dB 

Iq = 300 mA 

25 °C 

53 70 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

30 400 

mV 

Iq = 5 mA to 200 mA 

10 200 

Temperature coefficient 
of output voltage 

lo = 5 mA 

0°C to 125°C 

-1.1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

110 

mV 

Dropout voltage 


25°C 

2 

V 

Bias current 


25 °C 

4.9 6 

mA 

Bias current change 

l 0 = 200 mA, V| = 23 V to 35 V 

0°C to 125°C 

0.8 

mA 

Iq = 5 mA to 350 mA 

0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

240 

mA 

Peak output current 

25°C | 

0.7 

A 


tPulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


2-244 


Texas 

Instruments 


POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 




UA78M24C 
POSITIVE-VOLTAGE REGULATOR 


uA78M24C electrical characteristics at specified virtual junction temperature, V| = 33 V, lo = 350 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* | 

MIN TYP MAX 

UNIT 

Output voltage * 


25 °C 

23 24 25 

V 

Iq = 5 mA to 350 mA 

V| = 27 V to 38 V 

0°C to 125°C 

22.8 25.2 

Input regulation 

Iq = 200 mA 

V| = 27 V to 38 V 

25°C 

10 100 

mV 

V| = 28 V to 38 V 

5 50 

Ripple rejection 

V| = 28 V to 38 V, 

f = 120 Hz 

Iq = 100 mA 

- 55 °C to 1 50 °C 


dB 

0°C to 125°C 

50 

Iq = 300 mA 

25 °C 

50 70 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

30 480 

mV 

Iq = 5 mA to 200 mA 

10 240 

Temperature coefficient 
of output voltage 

1(3 - 5 mA 

0°C to 125°C 

-1.2 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

170 

MV 

Dropout voltage 


25°C 

2 

V 

Bias current 


25 °C 

5 6 

mA 

Bias current change 

l 0 = 200 mA, V| = 27 V to 38 V 

0°C to 125°C 

0.8 

mA 

Iq = 5 mA to 350 mA 

0°C to 125°C 

0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

240 

mA 

Peak output current 

25°C 

0.7 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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SERIES UA7900 
NEGATIVE-VOLTAGE REGULATORS 


■ _ D2215, JUNE 1976 —REVISED AUGUST 1983 

■ • 3-Terminal Regulators 

■ • Output Current Up to 1.5 A 

I • No External Components 

I • Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Essentially Equivalent to National LM320 
Series 

description 

This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed 
to complement Series uA7800 in a wide range 
of applications. These applications include on- 
card regulation for elimination of noise and 
distribution problems associated with single¬ 
point regulation. Each of these regulators can 
deliver up to 1.5 amperes of output current. The 
internal current limiting and thermal shutdown 
features of these regulators make them 
essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices 
can be used with external components to obtain 
adjustable output voltages and currents and also 
as the power pass element in precision 
regulators. 




schematic 



All component values are nominal. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SERIES UA7900 

NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 



UA7905C 

THRU 

UA7924C 

UNIT 

Input voltage 

UA7924C 

-40 

V 

All others 

-35 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) 

2 

w 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 

15 

w 

Operating free-air, case, or virtual junction temperature range 

0 to 150 

°c 

Storage temperature range 

-65 to 150 

°c 

Lead temperature 3.2 mm (1/8 inch) from case for 10 seconds 

260 

°c 


NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and 
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated 
dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

2000 

| 1800 

c 1600 
o 

{[ 1400 

| 1200 

§ 1000 

3 

■| 800 
o 

° 600 
E 

| 400 

i 200 

0 

25 50 75 100 125 150 

Ta—F ree-Air Temperature — °C 

FIGURE 1 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



FIGURE 2 



recommended operating conditions 



MIN 

MAX 

UNIT 


UA7905C 

-7 

-25 



UA7952C 

-7.2 

-25 



UA7906C 

-8 

-25 


Input voltage, V| 

UA7908C 

-10.5 

-25 


UA7912C 

-14.5 

-30 



UA7915C 

-17.5 

-30 



UA7918C 

-21 

-33 



UA7924C 

-27 

-38 


Output current, Iq 

1.5 

A 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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UA7905C, UA7952C 
NEGATIVE-VOLTAGE REGULATORS 


uA7905C electrical characteristics at specified virtual junction temperature, V| *= -10 V, lo * 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7905C 

UNIT 

MIN TYP MAX 

Output voltage* 


25 °C 

-4.8 -5 -5.2 

V 

l 0 = 5 mA to 1 A, V| = -7 V to -20 V, 

P < 15 W 

0°C to 125°C 

-4.75 -5.25 

Input regulation 

V| = -7 V to -25 V 

25 °C 

12.5 50 

mV 

V| = -8 V to -12 V 

4 15 

Ripple rejection 

V| = -8 V to -18 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

15 100 

mV 

Iq = 250 mA to 750 mA 

5 50 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.4 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

125 


Dropout voltage 

l0 = 1 A 

25 °C 

1.1 

V 

Bias current 


25°C 

1.5 2 

mA 

Bias current change 

V| = -7 V to -25 V 

0°C to 125°C 

0.15 0.5 

mA 

Iq = 5 mA to 1 A 

0.08 0.5 

Peak output current 


25°C 

2.1 

A 


uA7952C electrical characteristics at specified virtual junction temperature, V| = -10 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7952C 

UNIT 

MIN TYP MAX 

Output voltage* 


25°C 

-5 -5.2 -5.4 

V 

Iq = 5 mA to 1 A, V| = -7.2 V to -20 V, 

P< 15W 

0°C to 125°C 

-4.95 -5.45 

Input regulation 

V| = -7.2 V to -25 V 

25 °C 

12.5 100 

mV 

V| = -8.2 V to -12 V 

4 50 

Ripple rejection 

V| = -8.2 V to -18 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25°C 

15 100 

mV 

Iq = 250 mA to 750 mA 

5 50 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

-0.4 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

125 

mV 

Dropout voltage 

lO = 1 A 

25 °C 

1.1 

V 

Bias current 


25 °C 

1.5 2 

mA 

Bias current change 

V| = -7.2 V to -25 V 

0°C to 125°C 

0.15 1.3 

mA 

Iq = 5 mA to 1 A 

0.08 0.5 

Peak output current 


25°C 

2.1 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA7906C, UA7908C 
NEGATIVE-VOLTAGE REGULATORS 


uA7906C electrical characteristics at specified virtual junction temperature, V| = - 11 V, lo * 500 mA 
(unless otherwise noted) 



TEST CONDITIONS* 

UA7906C 

UiiiT 


MIN TYP 

MAX 




25°C 

-5.75 -6 - 

6.25 


Output voltage* 

l 0 = 5 mA to 1 A, V| = -8 V to -21 V, 

P < 15 W 

0°C to 125°C 

-5.7 

-6.3 

V 

Input regulation 

V| = -8 V to -25 V 

25°C 

12.5 

120 


V| = -9 V to -13 V 

4 

60 


Ripple rejection 

V| = -9 V to -19 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

15 

120 

mV 

Iq = 250 mA to 750 mA 

5 

60 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.4 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

150 

mV 

Dropout voltage 

l 0 = 1 A 

25°C 

1.1 

V 

Bias current 


25°C 

1.5 

2 

mA 

Bias current change 

V| = -8 V to -25 V 

0°C to 125°C 

0.15 

1.3 

mA 

Iq = 5 mA to 1 A 

0.08 

0.5 

Peak output current 


25 °C 

2.1 

A 


uA7908C electrical characteristics at specified virtual junction temperature, V| ■» -14 V, lo ■ 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7908C 

UNIT 

MIN TYP MAX 

Output voltage * 


O 

LO 

CM 

-7.7 -8 -8.3 

V 

l 0 = 5 mA to 1 A, V| = -10.5 V to -23 V, 

P < 15 W 

0°C to 125°C 

-7.6 -8.4 

Input regulation 

V| = -10.5 V to -25 V 

25 °C 

12.5 160 

mV 

V| = - 11 V to - 17 V 

4 80 

Ripple rejection 

V| = - 11.5 V to -21.5 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

15 160 

mV 

lO = 250 mA to 750 mA 

O 

00 

LO 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.6 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

200 

mV 

Dropout voltage 

lO = 1 A 

25°C 

1.1 

V 

Bias current 


25°C 

1.5 2 

mA 

Bias current change 

V| = -10.5 V to -25 V 

0°C to 125°C 

0.15 1 

mA 

Iq = 5 mA to 1 A 

0.08 0.5 

Peak output current 


25°C 

2.1 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA7912C, UA7915C 
NEGATIVE-VOLTAGE REGULATORS 


uA7912C electrical characteristics at specified virtual junction temperature, V| ■ - 19 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7912C 

UNIT 

MIN TYP MAX 

Output voltage* 


25°C 

-11.5 -12 -12.5 

V 

lO = 5 mA to 1 A, V| = -14.5 V to -27 V, 

P < 15W 

0°C to 125°C 

-11.4 -12.6 

Input regulation 

V| = -14.5 V to -30 V 

25 °C 

o 

00 

in 

mV 

V| = -16 V to -22 V 

o 

00 

00 

Ripple rejection 

V| = - 15 V to - 25 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

15 200 

mV 

Iq = 250 mA to 750 mA 

5 75 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

300 

mV 

Dropout voltage 

l 0 = 1 A 

25°C 

1.1 

V 

Bias current 


25°C 

2 3 

mA 

Bias current change 

V, = -14.5 V to -30 V 

0°C to 125°C 

0.04 0.5 

mA 

Iq = 5 mA to 1 A 

0.06 0.5 

Peak output current 


25 °C 

2.1 

A 


uA7915C electrical characteristics at specified virtual junction temperature, V| - - 23 V, lo * 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7915C 

UNIT 

MIN TYP 

MAX 



25 °C 

-14.4 -15 - 

15.6 


Output voltage* 

lO = 5 mA to 1 A, V| = -17.5 V to -30 V, 

P < 15 W 

0°C to 125°C 

-14.25 

15.75 

V 

Input regulation 

V| = -17.5 V to -30 V 

25 °C 

5 

100 

mV 

V| = - 20 V to - 26 V 

3 

50 

Ripple rejection 

V| = -18.5 V to -28.5 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25 °C 

15 

200 

mV 

Iq = 250 mA to 750 mA 

5 

75 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

375 

mV 

Dropout voltage 

Iq = 1 A 

25 °C 

1.1 

V 

Bias current 


25 °C 

2 

3 

mA 

Bias current change 

V| = -17.5 V to -30 V 

0°C to 125°C 

0.04 

0.5 

mA 

Iq = 5 mA to 1 A 

0.06 

0.5 

Peak output current 


25°C 

2.1 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA7918C, UA7924C 
NEGATIVE-VOLTAGE REGULATORS 


UA7918C electrical characteristics at specified virtual junction temperature, V| = - 27 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7918C 

UNIT 

MIN TYP MAX 

Output voltage * 


25°C 

-17.3 -18 -18.7 

V 

lO = 5 mA to 1 A, V| = -21 V to -33 V, 

P < 15 W 

0°C to 125°C 

-17.1 -18.9 

Input regulation 

V| = -21 V to -33 V 

25°C 

5 360 

mV 

V| = - 24 V to - 30 V 

3 180 

Ripple rejection 

V| = - 22 V to - 32 V, f = 120 Hz 

0°C to 125°C 

o 

CO 

'Ct 

if) 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25 °C 

30 360 

mV 

Iq = 250 mA to 750 mA 

10 180 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

- 1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

450 

mV 

Dropout voltage 

l 0 = 1 A 

25 °C 

1.1 

V 

Bias current 


25 °C 

2 3 

mA 

Bias current change 

V| = -21 V to -33 V 

0°C to 125°C 

0.04 1 

mA 

Iq = 5 mA to 1 A 

0.06 0.5 

Peak output current 


25°C 

2.1 

A 


uA7924C electrical characteristics at specified virtual junction temperature, V| - - 33 V, lo = 500 mA 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7924C 

UNIT 

MIN TYP MAX 

Output voltage * 


25°C 

-23 -24 -25 

V 

lO = 5 mA to 1 A, V| = -27 V to -38 V, 

P < 15 W 

0°C to 125°C 

-22.8 -25.2 

Input regulation 

V| = -27 V to -38 V 

25 °C 

5 480 

mV 

V| = -30 V to -36 V 

3 240 

Ripple rejection 

V| = - 28 V to - 38 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25 °C 

85 480 

mV 

lO = 250 mA to 750 mA 

25 240 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

- 1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

600 

mV 

Dropout voltage 

lO = * A 

25°C 

1.1 

V 

Bias current 


25 °C 

2 3 

mA 

Bias current change 

V| = -27 V to -38 V 

0°C to 125°C 

0.04 1 

mA 

lO = 5 mA to 1 A 

0.06 0.5 

Peak output current 

J 

o 

LO 

CN 

2.1 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 


• 3-Terminal Regulators 

• Output Current Up to 500 mA 

• No External Components 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild /*A79M00 
Series 


D2216, JUNE 1976—REVISED APRIL 1988 


NOMINAL 

OUTPUT 

VOLTAGE 

— 55°C TO 150°C 

OPERATING 

TEMPERATURE RANGE 

0°C TO 125°C 

OPERATING 

TEMPERATURE RANGE 

-5 V 

UA79M05M 

UA79M05C 

-6 V 

UA79M06M 

UA79M06C 

-8 V 

UA79M08M 

UA79M08C 

-12 V 

UA79M12M 

UA79M12C 

-15 V 

UA79M15M 

UA79M15C 

-20 V 


UA79M20C 

-24 V 


UA79M24C 

PACKAGE 

JG 

KC 


description 

This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed 
to complement Series uA78M00 in a wide range 
of applications. These applications include on- 
card regulation for elimination of noise and 
distribution problems associated with single¬ 
point regulation. Each of these regulators can 
deliver up to 500 mA of output current. The 
internal current limiting and thermal shutdown 
features of these regulators make them 
essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices 
can be used with external components to obtain 
adjustable output voltages and currents and also 
as the power pass element in precision 
regulators. 


schematic 



Resistor values shown are nominal and in ohms. 


2 


terminal assignments 


uA79M_M. . .JG PACKAGE uA79M_C.. .KC PACKAGE 



PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 





UA79M05M 

UA79M05C 





THRU 

THRU 

UNIT 




UA79M15M 

UA79M24C 


Input voltage 

UA79M20, UA79M24 


-40 


All others 

-35 

-35 


Continuous total dissipation (see Note 1) 

See Dissipation Rating Tables 1 and 2 

Operating free-air, case or virtual junction temperature range 

-55 to 150 

0 to 150 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 


°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

KC package 


260 

°c 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations 
in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated 
at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 1-FREE-AIR TEMPERATURE 


PACKAGE 

T A < 25 °C 

DERATING FACTOR 

T A - 70°C 

POWER RATING 

ABOVE T A - 25 °C 

POWER RATING 

JG 

1050 mW 

8.4 mW/°C 

672 mW 

KC 

2000 mW 

16 mW/°C 

1280 mW 


DISSIPATION RATING TABLE 2-CASE TEMPERATURE 


PACKAGE 

T C < 50°C 
POWER RATING 

DERATING FACTOR 

ABOVE T C - 50 °C 

T C - 125°C 
POWER RATING 

KC 

20 W 

200 mW/°C 

5 W 


recommended operating conditions 


— 1 

MIN 

MAX 

UNIT 



UA79M05M, uA79M05C 

-7 

-25 




UA79M06M, uA79M06C 

-8 

-25 




UA79M08M, uA79M08C 

-10.5 

-25 


Input voltage, V| 


UA79M12M, UA79M12C 

-14.5 

30 

V 



UA79M15M, UA79M15C 

-17.5 

-30 




UA79M20C 

-23 

-35 




UA79M24C 

-27 

-38 


Output current, Iq | 

500 

mA 

Operating virtual junction temperature, Tj 

UA79M05M thru uA79M15M 

-55 

150 

or 

UA79M05C thru UA79M24C 

0 

125 
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UA79M05M, uA79M05C 
NEGATIVE VOLTAGE REGULATORS 


uA79M05M, uA79M05C electrical characteristics at specified virtual junction temperature, 
V| = -10 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M05M 

uA79M05C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

-4.8 -5 -5.2 

-4.8 -5 -5.2 

V 

lO = 5 mA to 350 mA, 

V| = -7 V to -25 V 

- 55 °C to 150 °C 

-4.75 -5.25 


0°C to 125°C 


-4.75 -5.25 

Input regulation 

V| = -7 V to -25 V 

25 °C 

7 50 

7 50 

mV 

V| = -8 V to -18 V 

3 30 

3 30 

Ripple rejection 

V| = -8 V to -18 V, 

f = 120 Hz 

Iq = 100 mA 

-55°C to 150°C 

50 


dB 

0°C to 125°C 


50 

Iq = 300 mA 

25 °C 

54 60 

54 60 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

75 100 

75 100 

mV 

Iq = 5 mA to 350 mA 

50 

50 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

-55°C to 150°C 

-1.5 


mV/°C 

0°C to 125°C 


-0.4 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

125 400 

125 


Dropout voltage 


25 °C 

1.1 2.3 

1.1 

V 

Bias current 


25 °C 

1 2 

1 2 

mA 

Bias current change 

V| = -8 V to -25 V 

-55°C to 150°C 

0.4 


mA 

0°C to 125°C 


0.4 

Iq = 5 mA to 350 mA 

-55°C to 150°C 

0.4 


0°C to 125°C 


0.4 

Short-circuit 

output current 

V| = -30 V 

25 °C 

600 

140 

mA 

Peak output current 


25 °C 

0.5 0.65 1.4 

0.65 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA79M06M, uA79M06C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M06M, uA79M06C electrical characteristics at specified virtual junction temperature, 
V| = -11 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M06M 

UA79M06C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25°C 

-5.75 -6 -6.25 

-5.75 -6 -6.25 

V 

1(3 = 5 mA to 350 mA, 

V| = -8 Vto -25 V 

-55°C to 150°C 

-5.7 -6.3 


0°C to 125°C 


-5.7 -6.3 

Input regulation 

V| = -8 Vto -25 V 

25°C 

7 60 

7 60 

mV 

V| = -9 Vto -19 V 

3 40 

3 40 

Ripple rejection 

V| = -9 Vto -19 V, 
f = 120 Hz 

lO = 100 mA 

-55°C to 150°C 

50 


dB 

0°C to 125°C 


50 

Iq = 300 mA 

25°C 

54 60 

54 60 

Output regulation 

Iq = 5 mA to 500 mA 

25°C 

80 120 

80 120 

mV 

1(3 = 5 mA to 350 mA 

55 

55 

Temperature coefficient 
of output voltage 

1(3 = 5 mA 

-55°C to 150 °C 

-1.5 


mV/°C 

0°C to 125°C 


-0.4 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

150 480 

150 

mV 

Dropout voltage 


25 °C 

1.1 2.3 

1.1 

V 

Bias current 


25 °C 

1 2 

1 2 

mA 

Bias current change 

V| = -9 Vto -25 V 

- 55 °C to 150 °C 

0.4 


mA 

0°C to 125°C 


0.4 

Iq = 5 mA to 350 mA 

- 55°C to 150°C 

0.4 


0°C to 125°C 


0.4 

Short-circuit 

output current 

V| = -30 V 

25 °C 

600 

140 

mA 

Peak output current 


25°C 

0.5 0.65 1.4 

0.65 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA79M08M, uA79M08C 
NEGATIVE VOLTAGE REGULATORS 


uA79M08M, uA79M08C electrical characteristics at specified virtual junction temperature, 
V| = - 19 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M08M 

UA79M08C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage * 


25°C 

•vl 

1 

00 

1 

00 

00 

00 

00 

00 

V 

Iq = 5 mA to 350 mA, 

V| = -10.5 V to -25 V 

-55°C to 150 °C 

-7.6 -8.4 


0°C to 125°C 


-7.6 -8.4 

Input regulation 

V| = -10.5 V to -25 V 

25 °C 

o 

00 

00 

00 

00 

o 

mV 

V| = -11 V to -21 V 

4 50 

4 50 

Ripple rejection 

V| = -11.5 V 
to -21.5 V, 

f = 120 Hz 

V = 100 mA 

to 150°C 

50 


dB 

0°C to 125°C 


50 

Iq = 300 mA 

25 °C 

54 59 

54 59 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

90 160 

90 160 

mV 

Iq = 5 mA to 350 mA 

60 

60 

Temperature coefficient 
of output voltage 

l0 = 5 mA 

-55°C to 150 °C 

-2.4 


mV/°C 

0°C to 125 °C 


-0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

200 640 

200 

MV 

Dropout voltage 


25 °C 

1.1 2.3 

1.1 

V 

Bias current 


25 °C 

1 2 

1 2 

mA 

Bias current change 

V| = -10.5 V to -25 V 

-55°C to 150°C 

0.4 


mA 

0°C to 125°C 


0.4 

lO = 5 mA to 350 mA 

-55°C to 150 °C 

0.4 


0°C to 125°C 


0.4 

Short-circuit 

output current 

V t = -30 V 

25 °C 

600 

140 

mA 

Peak output current 


25°C 

0.5 0.65 1.4 

0.65 

A 


*Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA79M12M, UA79M12C 
NEGATIVE-VOLTAGE REGULATORS 


UA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
V| = -19 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M12M 

UA79M12C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25 °C 

-11.5 -12 -12.5 

-11.5 -12 -12.5 

V 

Iq = 5 mA to 350 mA, 

V, = -14.5 V to -30 V 

- 55 °C to 150 °C 

-11.4 -12.6 


0°C to 125°C 


-11.4 -12.6 

Input regulation 

V| = -14.5 V to -30 V 

25°C 

CO 

CO 

o 

CD 

CO 

o 

mV 

Vj = -15 V to -25 V 

5 50 

5 50 

Ripple rejection 

V| = -15 V to -25 V 
f = 120 Hz 

Iq = 100 mA 

-55°C to 150°C 

50 


dB 

0°C to 125°C 


50 

Iq = 300 mA 

25 °C 

54 60 

54 60 

Output regulation 

Iq = 5 mA to 500 mA 

25°C 

65 240 

65 240 

mV 

Iq = 5 mA to 350 mA 

45 

45 

Temperature coefficient 
of output voltage 

lO = 5 mA 

-55°C to 150°C 

-3.6 


mV/°C 

0°C to 125°C 


-0.8 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

300 960 

300 H 


Dropout voltage 


25°C 

1.1 2.3 

1.1 

V 

Bias current 


25 °C 

1.5 3 

1.5 3 

mA 

Bias current change 

V| = -14.5 V to -30 V 

-55°C to 150 °C 

0.4 


mA 

0°C to 125°C 


0.4 

Iq = 5 mA to 350 mA 

- 55 °C to 150°C 

0.4 


0°C to 125°C 


0.4 

Short-circuit 

output current 

V| = -30 V 

25 °C 

600 

140 

mA 

Peak output current 


25 °C 

0.5 0.65 1.4 

0.65 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 4 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA79M15M, UA79M15C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature, 
V| « -23 V, Iq «= 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M15M 

UA79M15C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage* 


25°C 

-14.4 -15 -15.6 

-14.4 -15 -15.6 

V 

l<3 = 5 mA to 350 mA, 

V| = -17.5 V to -30 V 

- 55 °C to 150 °C 

-14.25 -15.75 


0°C to 125°C 


-14.25 -15.75 


V| = -17.5 V to -30 V 

25°C 

9 80 

9 80 


V| = -18 Vto -28 V 

cn 

o 

7 50 

Ripple rejection 

V| = -18.5 V 
to -28.5 V, 

f = 120 Hz 

Iq = 100 mA 

-55°C to 150 °C 

50 


dB 

0°C to 125°C 


50 

Iq = 300 mA 

25°C 

54 59 

54 59 

Output regulation 

l0 = 5 mA to 500 mA 

25°C 

65 240 

65 240 

mV 

Iq = 5 mA to 350 mA 

45 

45 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

- 55 °C to 150 °C 

-4.5 


mV/°C 

0°C to 125°C 


-1 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

375 1200 

375 

M V 

Dropout voltage 


25°C 

1.1 2.3 

1.1 

V 

Bias current 


25°C 

1.5 3 

1.5 3 

mA 

Bias current change 

V| = -17.5 Vto -30 V 

-55°C to 150°C 

0.4 


mA 

0°C to 125°C 


0.4 

Iq = 5 mA to 350 mA 

- 55 °C to 150°C 

0.4 


0°C to 125°C 


0.4 

Short-circuit 

output current 

V| = -30 V 

25 °C 

600 

140 

mA 

Peak output current 


25 °C 

0.5 0.65 

0.65 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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UA79M20C 

NEGATIVE-VOLTAGE REGULATORS 


uA79M20C electrical characteristics at specified virtual junction temperature, V| = -29 V, 
Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M20C 

UNIT 

MIN TYP MAX 

Output voltage* 

l 0 = 5 mA to 350 mA, V| = -23 V to -35 V 

25°C 

-19.2 -20 -20.8 

V 

0 to 125°C 

-19 -21 

Input regulation 

V| = -23 V to -35 V 

25°C 

o 

00 

CM 

mV 

V| = - 24 V to - 34 V 

O 

P- 

o 

Ripple rejection 

V| = -24 V to -34 V, 

f = 120 Hz 

Iq = 100 mA 

0°C to 125°C 

50 

dB 

Iq = 300 mA 

25 °C 

54 58 

Output regulation 

lO = 5 mA to 500 mA 

25°C 

75 300 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient 
of output voltage 

1(3 - 5 mA 

0°C to 125°C 

- 1 

o 

0 

> 

£ 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

500 

pV 

Dropout voltage 


25 °C 

1.1 

V 

Bias current 


25°C 

1.5 3.5 

mA 

Bias current change 

V| = -23 V to -35 V 

0°C to 125°C 

0.4 

mA 

Iq = 5 mA to 350 mA 

0.4 

Short-circuit 

output current 

V| = - 30 V 

25°C 

140 

mA 

Peak output current 


25 °C 

0.65 

A 


* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


2-260 


Texas 

Instruments 


POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 




UA79M24C 

NEGATIVE-VOLTAGE REGULATORS 


uA79M24C electrical characteristics at specified virtual junction temperature, V| = - 33 V, 
Iq - 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

uA79M24C 

UNIT 

MIN TYP MAX 

Output voltage * 

l 0 = 5 mA to 350 mA, V| = -27 V to -38 V 

25°C 

-23 -24 -25 

V 

0 to 125 °C 

-22.8 -25.2 

Input regulation 

V| = -27 V to -38 V 

25 °C 

o 

CO 

CM 

mV 

V| = -28 V to -38 V 

12 70 

Ripple rejection 

V| = -28 V to -38 V, 

f = 120 Hz 

Iq = 100 mA 

0°C to 1 25°C 

50 

dB 

Iq = 300 mA 

25 °C 

54 58 

Output regulation 

Iq = 5 mA to 500 mA 

25°C 

75 300 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

- 1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

600 

/*v 

Dropout voltage 


25°C 

1.1 

V 

Bias current 


25 °C 

1.5 3.5 

mA 

Bias current change 

V| = -27 V to -38 V 

0°C to 1 25°C 

0.4 

mA 

lo = 5 mA to 350 mA 

0.4 

Short-circuit 

output current 

V| = -30 V 

25 °C 

140 

mA 

Peak output current 


25 °C 

0.65 

A 


t Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. 

*This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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■ • Automatic Feed-Forward Compensation 

I • Programmable Pulse-by-Pulse Current 
I Limiting 

I • Automatic Symmetry Correction in Push- 
I Pull Configuration 

• Enhanced Load Response Characteristics 

• Parallel Operation Capability for Modular 
Power Systems 

• Differential Current-Sense Amplifier with 
Wide Common-Mode Range 

• Double-Pulse Suppression 

• 200-mA Totem-Pole Outputs 

• ±1% Bandgap Reference 

• Under-Voltage Lockout 

• Soft-Start Capability 

• Shutdown Terminal 

• 500-kHz Operation 


description 

This family of control ICs provides all of the 
necessary features to implement fixed frequency, 
current-mode control schemes while maintaining 
a minimum external parts count. The superior 
performance of this technique can be measured 
in improved line regulation, enhanced load 
response characteristics, and a simpler, easier- 
to-design control loop. Topological advantages 
include inherent pulse-by-pulse current-limiting 
capability, automatic symmetry correction for 
push-pull converters, and the ability to parallel 
“power modules’’ while maintaining equal 
current sharing. 


UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 

D3045, APRIL 1988-REVISED OCTOBER 1988 


UC1846, UC1847 . . . J PACKAGE 
UC2846, UC2847, UC3846, UC3847...N PACKAGE 
(TOP VIEW) 


CURR LIM ADJ/ 
SOFT START £ 
REFOUT £ 
CURRENT SENSE (-)£ 
CURRENT SENSE ( + )Q 
ERROR AMP ( + )£ 
ERROR AMP (-) £ 
COMP £ 
C T C 



SHUTDOWN 
D VIN 
3 BOUT 

D v c 

3 GND 
3 AOUT 
3 SYNC 

D*t 


UC2846, UC2847, UC3846, UC3847 . . . FN PACKAGE 
(TOP VIEW) 


O i- 

§ 

girt 

ujDOU X ^ 
DC U (/) Z CO > 

lit i_ i ixr nj - a. 

3 2 1 20 19 


CURRENT SENSE (-) ] 4 
CURRENT SENSE ( + ) ] 5 
NC ] 6 

ERROR AMP ( + ) ] 7 
ERROR AMP (-} ]8 


9 10 1112 13 
1 1 r-innn 


18[ BOUT 
17[ V C 
16[ NC 
15[ GND 
14 C AOUT 



O 

o 


NC —No internal connection 


Protection circuitry includes built-in under-voltage lockout and programmable current limiting in addition to 
soft-start capability. A shutdown function is also available that can initiate either a complete shutdown with 
automatic restart, or latch the supply off. 

Other features include fully-latched operation, double-pulse suppression, deadtime adjustment capability, 
and a ±1% trimmed bandgap reference. 

In the off state, the UC1846 outputs are low and the UC1847 outputs are high. 


The UC1846 and UC1847 are characterized for operation over the full military temperature range of -55°C to 
125°C, the UC2846 and UC2847 are characterized for operation from -25°C to 85°C, and the UC3846 and 
UC3847 are characterized for operation from 0°C to 70°C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


functional block diagram 


5.1 V 

REFERENCE 

REGULATOR 



CURRENT _(3| 
SENSE(-) 
CURRENT < 4 > 
SENSE(+) 



ERROR AMP (-)- 



UC1846 
OUTPUT STAGE 
UC1847 

(OUTPUTS INVERTED) 


CURR LIM ADJ/ 
SOFT START 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vin (see Note 1) . 40 V 

Collector supply voltage, Vc . 40 V 

Output current, source or sink, lo. 500 mA 

Analog input voltage (CURRENT SENSE (-), CURRENT SENSE (+), ERROR AMP (+), 

ERROR AMP (-), or SHUTDOWN). -0.3VtoV|N 

Reference output current. -30 mA 

SYNC output current .-5 mA 

Error amplifier output current.-5 mA 

Soft-start sink current. 50 mA 

Oscillator charging current. 5 mA 


Operating free-air temperature range: UC1846, UC1847 . -55°Cto 125°C 

UC2846, UC2847 . -25°C to 85°C 

UC3846, UC3847 . 0°C to 70°C 

Storage temperature range. -65°Cto150°C 

Case temperature for 10 seconds: FN package. 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package. 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25°C 

POWER RATING 

DERATING FACTOR 

ABOVE T A = 25°C 

T A = 70°C 

POWER RATING 

T A = 85°C 

POWER RATING 

T A = 125°C 

POWER RATING 

FN 

1400 mW 

11.2 mW/°C 

896 mW 

728 mW 

280 mW 

J 

1375 mW 

11.0 mW/°C 

880 mW 

715 mW 

275 mW 

N 

1150 mW 

9.2 mW/°C 

736 mW 

598 mW 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


recommended operating conditions 



UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

High-level input voltage, V|r (Oscillator Section) 

3.9 

3.9 

3.9 

V 

Low-level input voltage, V|j_ (Oscillator Section) 

2.5 

2.5 

2.5 

V 

Supply voltage operating range, V|n 

8 40 

00 

o 

oo 

O 

V 

Operating free-air temperature, Ta 

-55 125 

in 

CO 

in 

CM 

1 

0 70 

°c 


2 


electrical characteristics over operating free-air temperature range, Vin = 15 V, Rj = 10kH, 
Ct = 4.7 nF (unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Vo Output voltage 

lO = 1 mA, T A = 25°C 

5.05 5.1 5.1 

5 5.1 5.2 

V 

Line regulation 

V| N (pin 15) = 8 V to 40 V 

5 20 

5 20 

mV 

Load regulation 

l(L == 1 mA to 10 mA 

3 15 

3 15 

mV 

Temperature coefficient of output 
vo voltage 


0.4 

0.4 

mV/°C 

Total output variation 


5 5.2 

4.95 5.25 

V 

Output noise voltage 

f = 1 kHz to 10 kHz, 

Ta = 25°C 

100 

100 

nV 

Output voltage long-term drift 

t = 1000 hours, T a = 25°C 

5 

5 

mV 

• Short-circuit output current 

0S (REFOUT) 

Vref = 0 

-10 -45 

1 

o 

1 

CJ1 

mA 


oscillator section 


PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Initial accuracy 

TA = 25°C 

39 43 47 

39 43 47 

kHz 

Frequency change with 
voltage 

V| N (pin 15) = 8 V to 40 V 

-1% ±2% 

-1% ±2% 


Frequency change with 
temperature 


-1% 

-1% 


V T Threshold voltage (SYNC) 


2.5 3.9 

2.5 3.9 

V 

v High-level output voltage 

V ° H (SYNC) 


3.9 

3.9 

V 

v Low-level output voltage 

0L (SYNC) 


2.5 

2.5 

V 

l| Input current (SYNC) 

Sync voltage = 5.25 V, Cj at 0 V 

1.3 1.5 

1.3 1.5 

mA 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


electrical characteristics over operating free-air temperature range, V|N = 15 V, Ry = lOkH, 
Cj = 4.7 nF (unless otherwise noted) (continued) 

error amplifier section 



PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 




MIN 

TYP MAX 

MIN 

TYP 

MAX 


V|0 

Input offset voltage 


0.5 5 


0.5 

5 

mV 

>10 

Input offset current 


40 250 


40 

250 

nA 

'IB 

Input bias current 


-0.6 -1 


-0.6 

-1 

PA 

v OH 

High-level output voltage 

RL(COMP) = 15 kn 

4.3 

4.6 

4.3 

4.6 


V 

'OH 

High-level output current 

V|D = 15 mV to 5 V, 

COMP at 2.5 V 

-0.4 

-0.5 

-0.4 

-0.5 


mA 

VOL 

Low-level output voltage 

RL{COMP) = 15kQ 

0.7 1 

0.7 1 

V 

•OL 

Low-level output current 

V| D = -15 mV to —5 V, 
COMP at 1.2 V 

2 

6 

2 

6 


mA 




0 


0 




V ICR 

Common-mode input voltage range 

V|N = 8 V to 40 V 

to 


to 



V 




CM 

1 

z 

> 


V,n-2 




Avd 

Open-loop voltage amplification 

AVq = 1.2 V to 3 V, 

V| C = 2V 

80 

105 

80 

105 


dB 

CMRR 

Common-mode rejection ratio 

V| C = 0 to 38 V, 

V| N = 40 V 

75 

100 

75 

100 


dB 

k SVR 

Supply-voltage rejection ratio 

V iN = 8 V to 40 V 

80 

105 

80 

105 


dB 


current-sense amplifier section 



PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


VlO 

Input offset voltage 

CURR LIM ADJ/SOFT START 


5 

25 


5 

25 

mV 

ho 

Input offset current 

at 0.5 V, COMP open, See 


0.08 

1 

0.08 1 

|aA 

■lB 

Input bias current 

Note 3 


-2.5 

-10 


-2.5 

-10 

HA 



CURRENT SENSE (-) at 0 V, 








A V 

Voltage amplification 

CURR LIM ADJ/SOFT START 
open, See Notes 2 and 3 

2.5 

2.75 

3 

2.5 

2.75 

3 

V 

V ICR 

Common-mode input voltage 
range 


0 

to 

V,n-3 

0 

to 

V,n-3 

V 

Maximum usable differential 
input signal 

CURR LIM ADJ/SOFT START 
open, Rl(COMP) = 15 kfl, 

See Note 2 

1.1 

1.3 


1.1 

1.2 


V 

CMRR 

Common-mode rejection ratio 

Vic = 1 Vto 12 V 

60 

83 


60 

83 


dB 

k SVR 

Supply-voltage rejection ratio 

V| N = 8 V to 40 V 

60 

84 


60 

84 


dB 

td 

Input-to-output delay time 

T A = 25°C 


200 

600 


200 

600 

ns 


NOTES: 


2. This parameter is measured at the trip point of the latch with ERROR AMP (+) at Vref> ERROR AMP (-) at 0 V. 

3. Amplifier gain is defined as: 

AV= AVplN 7 
AVpiN 4 

Where: 


AVpim 4 = 0 Vto 1.0 V 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


electrical characteristics over operating free-air temperature range, Vin = 15 V, Rj = 10 k Cl, 
Cj = 4.7 nF (unless otherwise noted) (continued) 

current limit adjustment section 


PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

CURRENT SENSE (-) at 0 V, 
CURRENT SENSE (+) at 0 V, 

COMP open, See Note 3 

0.45 0.5 0.55 

0.45 0.5 0.55 

V 

l|B Input bias current 

ERROR AMP (+) atV REF , 

ERROR AMP (-) at 0 V 

-10 -30 

-10 -30 

(JL.A 


shutdown terminal section 



PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


v T 

Differential-input threshold voltage 


250 

350 

400 

250 

350 

400 

mV 




0 



0 




V| 

Input voltage range 


to 



to 



V 




V|N 



V|N 




Minimum latching current 
(CURR LIM ADJ/SOFT START) 

See Note 4 

0.8 

1.5 

3 

0.8 

1.5 

3 

mA 

Output delay 

T A = 25°C 


300 

600 


300 

600 

ns 


output section 



PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 
UC2846, UC2847 

UC3846, UC3847 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


V (BR)CE 

Collector-emitter breakdown 
voltage 


40 

40 

V 

•CEX 

Collector-emitter off-state current 

Vqe = 40 V, See Note 5 

200 

200 

F-A 

VOH 

High-level output voltage 

•OH = ~20 mA 

13 

13.5 


13 

13.5 


V 

(AOUT and BOUT) 

lOH = -100 mA 

12 

13.5 


12 

13.5 


VOL 

Low-level output voltage 

Iql = 20 mA 


0.1 

0.4 


0.1 

0.4 

v 

(AOUT and BOUT) 

•OL = 100 mA 


0.4 

2.1 


0.4 

2.1 


t r Rise time (AOUT and BOUT) 

Cl = 1 nF, T A = 25°C 


50 

300 


50 

300 

ns 

'f 

Fall time (AOUT and BOUT) 


50 

300 


50 

300 

ns 


under-voltage lockout section 


PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Startup threshold 


7.7 8 

7.7 8 

V 

Threshold hysteresis 


0.75 

0.75 

V 


NOTES: 3. This parameter is measured at the trip point of the iatch with ERROR AMP (+) at Vref and ERROR AMP (-) at 0 V. 

4. This is the lowest current into Pin 1 that will latch the circuit in the shutdown state. 

5. This applies for UC1846, UC2846, and UC3846 only (due to polarity of outputs). 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


electrical characteristics over operating free-alr temperature range, V|N = 15 V, Rj = 10 kfl, 
Cj = 4.7 nF (unless otherwise noted) (continued) 

total device 


PARAMETER 

TEST CONDITIONS 

UC1846, UC1847 

UC2846, UC2847 

UC3846, UC3847 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Supply current 


17 21 

17 21 

mA 


TYPICAL CHARACTERISTICS 

ERROR AMPLIFIER AMPLIFICATION AND PHASE 


vs 



Frequency —Hz 

FIGURE 1 


ERROR AMPLIFIER LARGE-SIGNAL DC AMPLIFICATION 


vs 



RL —Output Load Resistance — kfi 

FIGURE 2 



Texas 

Instruments 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 


2-269 


Data Sheets 





Data Sheets 


UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


TYPICAL APPLICATION DATA 



OSCILLATOR CIRCUIT 


SAWTOOTH 
(PIN 8) 




OSCILLATOR WAVEFORMS 


NOTE: Oscillator frequency is approximated by the formula: fj 


Output deadtime is determined by the size of the external capacitor, Cj, according to the following formula: 
t dead = 145 C T / 12 \ 

[ 12 - 3.6 I 


\ Rt (kO)/ 

For large values of Rj, td eac | ~ 145 Cj 


FIGURE 3. OSCILLATOR CIRCUIT 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


TYPICAL APPLICATION DATA 



NOTE: Error Amplifier can source up to 0.5 mA. 

FIGURE 4. ERROR AMPLIFIER OUTPUT CONFIGURATION 



's 



3R S 


FIGURE 5. PULSE-BY-PULSE CURRENT LIMITING 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 


TYPICAL APPLICATION DATA 



SOFT START AND SHUTDOWN/RESTART CIRCUIT 




SHUTDOWN 
(PIN 16) 



n 


ji 


uuinji 


JUITL JU1 


V REF 

R1 


< 0.8 mA 


V REF 

R1 


> 3 mA (LATCHED OFF) 


V REF 


NOTE: If _ < 0.8 mA, the shutdown latch will commutate 

R1 

when Igs = 0.8 mA and a restart cycle will be initiated. 


VREF 


NOTE: If nt ~' > 3 mA, the device will latch off until power 
R1 

» cycled. 


SHUTDOWN WITH AUTO-RESTART SHUTDOWN WITHOUT AUTO-RESTART (LATCHED) 

FIGURE 6. SOFT START AND SHUTDOWN/RESTART FUNCTIONS 
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UC1846, UC1847, UC2846 
UC2847, UC3846, UC3847 
CURRENT-MODE PWM CONTROLLERS 



Data Sheets 
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■ • Two Regulated Outputs 
I +12 Vat 3 A 

I + 5 V at 75 mA 

1 • 2% Output Voltage Tolerance 

' • 60-dB Ripple Rejection 

• 0.7% Output Regulation 

• 100% Thermal-Limit Burn-In 

• TTL and CMOS Compatible Logic Control 

description 

The LT1036 contains two positive regulators in 
the same package. The 12-V main regulator 
supplies current up to 3 A and the auxiliary 5-V 
regulator supplies up to 75 mA. The 12-V main 
regulator has an additional feature that allows 
a logic signal to control its operation. When the 
enable input is taken to a low logic level, the 
main regulator Shuts down and its output voltage 
goes to near 0 V. The auxiliary regulator at this 
time is unaffected and continues to provide a 5-V 
output. 

The 12-V main output has current and power 
limiting combined with thermal shutdown to 
make it very reliable. The 5-V auxiliary output is 
not affected by the thermal shutdown circuits 
or the state of the 12-V main output. This allows 
it to be used as a back-up in case of overloads 
on the main supply. The logic enable input of the 
LT1036 has a 1.6-V threshold and can be driven 
by most logic families including TTL and CMOS. 

Typical applications include power supply 
sequencing, remote on/off power control, 
selective system power during emergency 
power operation, and power supply with back¬ 
up. 


LT1036M, LT1036C 
LOGIC-CONTROLLED POSITIVE REGULATORS 

D3219, JULY 1988 —REVISED JANUARY 1989 

KJ PACKAGE 
(TOP VIEW) 



KV PACKAGE 
(TOP VIEW) 


GND 

(TAB) 

4-AUX 

5-IN OUT 

t 1 




O 

o 

□^GNP 

1 -OUT 2-EN 



5 LEAD TO-220 



AVAILABLE OPTIONS 


Tj 

PACKAGE I 

4 LEAD 

TO-3 

KJ 

5 LEAD 

TO-220 

KV 

0°C to 125 °C 

-55°C to 1 50°C 

LT1036CKJ 

LT1036MKJ 

LT1036CKV 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 


■ . Copyright © 1989, Texas Instruments Incorporated 

Tfxas 

Instrutv^nts 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 


Product Previews 




Product Previews 


LT1036M, LT1036C 

LOGIC-CONTROLLED POSITIVE REGULATORS 


schematic diagram 



All resistor values are nominal and in ohms. 


absolute maximum ratings over operating virtual-junction temperature range (unless otherwise noted) 


Input voltage, V|. 30 V 

Enable voltage, Ven. 30 V 

Continuous power dissipation, Pq.. 24 W 

Power dissipation under fault conditions. Internally self-limited 

Operating virtual junction temperature range: LT1036M. -55°C to 150°C 

LT1036C . 0°C to 125°C 

Storage temperature range . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: KJ package. 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: KV package. 260 °C 


recommended operating conditions 



MIN 

MAX 

UNIT 

Output current, Iq 

3 

A 

Operating junction temperature, Tj 

LT1036M 

-55 

150 

°C 

LT1036C 

0 

125 

°C 
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■ • Output Current ... 100 mA 
I • Low Loss ... 1.1 V at 100 mA 
I • Operating Range . . . 3.5 V to 15 V 
I • Reference and Error Amplifier for Regulation 
• External Shutdown 


LT1054 

SWITCHED CAPACITOR VOLTAGE CONVERTER 

WITH REGULATOR 

D3202, JANUARY 1989 


JG AND P PACKAGE 
(TOP VIEW) 



Dvref 

H vqut 


• External Oscillator Synchronization 

• Devices Can Be Paralleled 

• Pin Compatible with the LTC1044/7660 


AVAILABLE OPTIONS 


T A 

PACKAGE 1 

CERAMIC DIP 

(JG) 

METAL CAN 

(L) 

PLASTIC DIP 

(P) 

o°c 

to 

70 °C 

LT1054CJG 

LT1054CL 

LT1054CP 

- 55°C 

to 

125 °C 

LT1054MJG 

LT1054ML 

N/A 



CAP- 



description 

The LT1054 is a monolithic, bipolar, switched capacitor voltage converter and regulator. It provides higher 
output current and significantly lower voltage losses than previously available converters. An adaptive 
switch drive scheme optimizes efficiency over a wide range of output currents. Total voltage drop at 100 mA 
output current is typically 1.1V. This holds true over the full supply voltage range of 3.5 V to 15 V. 
Quiescent current is typically 2.5 mA. 

The LT1054 also provides regulation, a feature not previously available in switched capacitor voltage 
converters. By adding an external resistive divider, a regulated output can be obtained. This output is 
regulated against changes in both input voltage and output current. The LT1054 can also be shut down 
by grounding the feedback pin. Supply current in shut down is less than 100 /xA . 

The internal oscillator of the LT1054 runs at a nominal frequency of 25 kHz. The oscillator pin can be 
used to adjust the switching frequency, or to externally synchronize the LT1054. 

The LT1054 is pin compatible with previous converters such as the LTC1044/7660. 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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LT1054 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 
WITH REGULATOR 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1). 16V 

Input voltage, FB/SD terminal. 0 V to Vcc + 

Input voltage, OSC terminal. 0 V to V re f 

Junction temperature (see Note 2): LT1054C. 125°C 

LT1054M. 1 50 °C 

Storage temperature range . -55°C to 150°C 

Lead temperature, 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package. 300°C 

Lead temperature, 1,6 mm (1/16 inch) from case for 10 seconds: P package. 260 °C 


NOTES: 1. The absolute maximum supply voltage rating of 16 V is for unregulated circuits. For regulation mode circuits with Vq < 15 V, 
this rating may be increased to 20 V. 

2. The devices are functional up to the absolute maximum junction temperature. 
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LT1054 

SWITCHED-CAPACITOR VOLTAGE CONVERTER 

WITH REGULATOR 


recommended operating conditions 



MIN MAX 


Vcc Supply voltage 

3.5 15 

V 

Ta Operating free-air temperature 

LT1054C 

o 

r*- 

o 

D 

LT1054M 

-55 125 


electrical characteristics 


PARAMETER 

TEST CONDITIONS 

Ta 1 

MIN 

TYP 

MAX 

UNIT 

Regulated output voltage, Vq 

Vcc = 7 V, Tj = 25°C, See Note 3 

25°C 

-4.7 

-5 

-5.2 

V 

Input regulation 

Vcc = 7 V to 12 V, See Note 3 

Full range 


5 

25 

mV 

Output regulation 

Vcc = 7 V, R L = 100 0 to 500 Q, See Note 3 

Full range 


10 

50 

mV 

Voltage loss, Vqc - I Vo 1 

C| = Cq = /tF tantalum 

lO = 10 mA 

Full range 


0.35 

0.55 


(see Note 4) 

Iq = 100 mA 

Full range 

1.1 1.6 


Output resistance 

AIq = 10 mA to 100 mA, See Note 5 

Full range 


10 

15 

0 

Oscillator frequency 

V C C = 3.5 V to 15 V 

Full range 

15 

25 

35 

kHz 

Reference voltage, V re f 

l re f = 60 ft A, Tj = 25 °C 

25°C 

2.35 

2.5 

2.65 


Full range 

2.25 


2.75 

V 

Maximum switch current 


25 °C 

300 

mA 

Supply current, Iqc 

io = o 

V| = 3.5 V 

Full range 


2.5 

3.5 

mA 

V| = 1 5 V 

Full range 


3 

4.5 


Supply current in shutdown 

Vfb/sd = o v 

Full range 


100 

150 

^V 


^Full range is -55°C to 125°C for the LT1054M and 0°C to 70°C for the LT1054C. For the LT1054C, the specifications apply up to 
a junction temperature of 100°C. 

NOTES: 3. All regulation specifications are for a device connected as a positive to negative converter/regulator with R1 =20 kfi, 
R2 = 102.5 kfi, Cl = 10 jiF (tantalum), and Co = 100 /xF (tantalum). 

4. For voltage-loss tests, the device is connected as a voltage inverter, with pins 1, 6, and 7 unconnected. The voltage losses 
may be higher in other configurations. 

5. Output resistance is defined as the slope of the curve (AVq vs AIq) for output currents of 10 mA to 100 mA. This represents 
the linear portion of the curve. The incremental slope of the curve will be higher at currents of less than 10 mA due to the 
characteristics of the switch transistors. 
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Wide Supply Voltage Range: 

LT1070HV ... 3 V to 60 V 
LT1070 ... 3 V to 40 V 

Low Quiescent Current ... 6 mA Typ 
Internal 5-A Switch 
Very Few External Parts Required 
Self-Protected Against Overloads 
Operates in Nearly All Switching Topologies 


LT1070, LT1070HV 
5 A HIGH EFFICIENCY SWITCHING REGULATOR 

D3222, OCTOBER 1988 


KJ PACKAGE 
{TOP VIEW) 



CASE IS GND 


• Low Shutdown-Mode Supply Current 

• Fully Floating Outputs in Flyback-Regulated 
Mode 

• Available in Standard KV and KJ Packages 

• Can be Externally Synchronized 


AVAILABLE OPTIONS 


Tj 

MAX INPUT 

VOLTAGE 

KJ 

PACKAGE 

KV 

PACKAGE 

0°C 

60 V 

LT1070HVCKJ 

LT1070HVCKV 

100°C 

40 V 

LT1070CKJ 

LT1070CKV 

— 55 °C 

to 

150 °C 

60 V 

LT1070HVMKJ 


40 V 

LT1070MKJ 



KV PACKAGE 
(TOP VIEW) 


n=] in 

r r . :- usw 

t r - 1 GND 

T" r — - ~1 FB 

t r~ ~i c 


3 


o 


description 

The LT1070 is a monolithic, high-power switching regulator. It can be operated in all standard switching 
configurations including: buck, boost, flyback, forward, inverting, andCukt. A high-current, high-efficiency 
switch is included in the package along with all oscillator, control, and protection circuitry. Integration 
of all functions allows the LT1070 to be built in a standard 5-pin KV package and the 4-pin case-ground 
KJ power package. This makes it extremely easy to use and provides bust-proof operation similar to that 
obtained with 3-pin linear regulators. 

The LT1070 operates with supply voltages from 3 V to 40 V. The LT1070HV, a high-voltage version of 
the LT1070, operates with supply voltages from 3 V to 60 V. These devices draw only 6-mA quiescent 
current, deliver load power up to 100 W with no external power devices, and by utilizing current-mode 
switching techniques, they provide excellent ac and dc input and output regulation. 

The LT1070 is much easier to use than the low-power control chips that are presently available and has 
many unique features that are not found on these chips. It uses an adaptive saturation-preventing switch 
drive to allow very-wide-ranging load currents with no loss in efficiency. An externally activated shutdown 
mode reduces total supply current to 50 fiA typical for standby operation. Totally isolated and regulated 
outputs can be generated by using the optional "flyback regulation mode" built into the LT1070, without 
the need for optocouplers or extra transformer windings. 


1 Boost-buck-derived regulator circuit patented by Slobodan tuk. 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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LT1070, LT1070HV 

5-A HIGH-EFFICIENCY SWITCHING REGULATOR 


functional block diagram 



absolute maximum ratings over operating virtual junction temperature range (unless otherwise noted) 


Input voltage, V| (see Note 1): LT1070 . 40 V 

LT1070HV. 60 V 

Switch output voltage: LT1070 . 65 V 

LT1070HV. 75 V 

Feedback pin voltage, Vfb (transient, 1 ms). ±15V 

Operating virtual junction temperature range: 

LT1070C, LT1070HVC (normal operation) . 0°C to 100°C 

LT1070C, LT1070HVC (short-circuit operation) . 0°C to 125°C 

LT1070M, LT1070HVM. -55°C to 150°C 

Storage temperature range . -65°C to 150°C 

Lead temperature, 1,6 mm (1/16 inch) from case for 10 seconds:. 300°C 


NOTE 1: Minimum switch-on time for the LT1070 in current limit is =1 jus. This limits the maximum input voltage during short-circuit 
conditions, in the buck and inverting modes only, to «35 V. Normal (unshorted) conditions are not affected. If the LT1070 is 
being operated in the buck or inverting mode at high input voltages and short-circuit conditions are expected, a resistor must 
be placed in series with the inductor. 
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LT1084M, LT1084C 

5-AMP, LOW DROPOUT, ADJUSTABLE POSITIVE REGULATORS 


■ • Adjustable Output ... 1 V to 35 V 
I • 5-A Output Capability 
I • Dropout Voltage ... 5 V Max 
I • Input Regulation . . . 0.015% Typ 

• Output Regulation . . . 0.01% Typ 

• 100% Thermal Limit Burn-In 

description 

The LT1084 is a 3-terminal adjustable positive 
regulator that operates with higher efficiency 
than currently available devices with output 
loads up to 5 A. Internal circuitry is designed to 
operate with a small input-to-output differential 
voltage of 1.3 V (typical) and all dropout voltages 
are specified as a function of output current. 
Dropout voltage reaches a maximum of 1.5 V 
at maximum output currents. On-chip circuitry 
holds the reference voltage constant to within 
1%. Current limiting is used to minimize the 
stress on both the regulator and power source 
circuits under overload conditions. 

The LT1084 is pin compatible with older 
3-terminal regulators. A 10-^F output capacitor 
is required, as in most regulator designs. In 
P-N-P regulators, up to 10% of the output 
current is lost as bias (quiescent) current, but 
LT1084 bias current flows into the load, which 
improves power efficiency. 

Typical applications include high-efficiency linear 
regulators, post regulators for switching power 
supplies, constant-current regulators, and 
battery chargers. 


D3118, JULY 1 988 —REVISED JANUARY 1989 

KA PACKAGE 
(TOP VIEW) 



TO-3 

KK PACKAGE 
(TOP VIEW) 

3-IN 
2-OUT 
1-ADJ 


TUT 

o 


AVAILABLE OPTIONS 


Tj 

PACKAGE | 

METAL 

TO-3 

KA 

PLASTIC 

KK 

0°C to 125°C 

-55°C to 1 50°C 

LT1084CKA 

LT1084MKA 

LT1084CKK 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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LT1084M, LT1084C 

5-AMP, LOW-DROPOUT, ADJUSTABLE POSITIVE REGULATORS 


functional block diagram 



absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage: LT1084M. 35 V 

LT1084C.. 30 V 

Power dissipation . Internally self-limited 

Operating virtual-junction temperature range: LT1084M Control section. -55°C to 150°C 

LT1084M Power transistor. -55°C to 200°C 

LT1084C Control section. 0°C to 125°C 

LT1084C Power transistor. 0°C to 150°C 

Storage temperature range . -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: KA package. 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: KK package. 260°C 


recommended operating conditions 



MIN 

MAX 

UNIT 

Output current, Iq 

5 

A 


LT1084M Control section 

0 

125 


Operating virtual-junction temperature, Tj 

LT1084M Power transistor 

0 

150 

op 

LT1084C Control section 

0 

125 



LT1084C Power transistor 

0 

150 
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TL499AC 

WIDE-RANGE POWER SUPPLY CONTROLLER 


• Internal Series-Pass and Step-Up Switching 
Regulator 

• Output Adjustable from 2.9 V to 30 V 

• 1-V to 10-V Input for Switching Regulator 

• 4.5-V to 32-V Input for Series Regulator 

• Externally Controlled Switching Current 

• No External Rectifier Required 


D2762, JANUARY 1984-REVISED FEBRUARY 1989 

D OR P PACKAGE 
(TOP VIEW) 

SERIES INI Hi U 8 H OUTPUT 

REF C 2 7 U GND (PWR) 

SW REG IN2 II 3 6USWIN 

SW CURRENT [ J 4 5 U GND 

CONTROL 


description 

The TL499A is a monolithic integrated circuit designed to provide a wide range of adjustable regulated 
supply voltages. The regulated output voltage is adjustable from 2.9 V to 30 V by adjusting two external 
resistors. When the TL499A is ac coupled to line power through a step-down transformer, it operates 
as a series dc voltage regulator to maintain the regulated output voltage. With the addition of a backup 
battery of from 1.1 V to 10 V, an inductor, a filter capacitor, and two resistors, the TL499A will operate 
as a step-up switching regulator during an ac-line failure. 

The adjustable regulated output voltage makes the TL499A useful for a wide range of applications. Providing 
backup power during an ac-line failure makes the TL499A extremely useful as backup power in 
microprocessor memory applications. 

The TL499A is characterized for operation from -20°C to 85 °C. 

functional block diagram 



PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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TL499AC 

WIDE-RANGE POWER SUPPLY CONTROLLER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) (see 
Note 1) 


Output voltage, Vo. 

Input voltage, series regulator, V|i . 

Input voltage, switching regulator, V|2 . 

Diode (blocking) reverse voltage . 

Diode (blocking) forward current. 

Power switch current (at SW IN, pin 6). 

Continuous total power dissipation. 

Operating free-air temperature range. 

Storage temperature range . 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


. 35 V 

. 35 V 

. 10 V 

. 35 V 

. 1 A 

. 1 A 

See Dissipation Rating Table 

. - 20 °C to 85 °C 

. -65°C to 1 50 °C 

. 260°C 


NOTE 1. All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25 °C 

DERATING FACTOR 

T A - 85 °C 

POWER RATING 

ABOVE T A - 25 °C 

POWER RATING 

D 

825 mW 

6.6 mW/°C 

429 mW 

P 

1000 mW 

8 mW/°C 

520 mW 


recommended operating conditions 



MIN NOM 

MAX 

UNIT 

Output voltage, Vq 

2.9 

30 

V 

Input voltage, series regulator, V|i 

4.5 

32 

V 

Input voltage, switching regulator, V|2 

1.1 

10 

V 

Input-to-output differential voltage, switching regulator, Vq—V |2 (see Note 2) 

1.2 

28.9 

V 

Continuous output current, lo 

100 

mA 

Power switch current (at SW IN, pin 6) 

500 

mA 

Current limiting resistor, Rq_ 

150 

1000 

0 

Capacitor, filter 

100 

470 

F 

Capacitor, pass 

0.1 

HF 

Inductor, L (r in < 0.1 Q) 

50 

150 


Operating free-air temperature, T A 

-20 

85 

°C 


NOTE 2. When operating temperature range is T A =£ 70°C, AV > 1.2V. When operating temperature range is T A < 85°C, AV > 1.9V. 
AV = V 0 - V| 2 - 
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TLC7701I, TL7705I, TL7721I, TL7725I 
LinCMOS™ SUPPLY VOLTAGE SUPERVISORS 


I D3221, JANUARY 1989 

• Power-On and Supply Drop-Out Reset d, jg, or p package 

Generator (TOP view) 

• Low Supply Current . . . Maximum 80 /xA 

• Reset Outputs Defined from 1-V Supply 
Voltage 

• Wide Supply Voltage Range ... 3 V 
to 16 V 

• Precision Temperature-Compensated 
Threshold Voltage 

• True and Complement Open-Drain or Push- 
Pull Outputs 

• Externally Adjustable Pulse Duration 

• Pin-Compatible Improved Low-Power 
Versions of TL7702A and TL7705A 

description 

The LinCMOS™ TLC77_series of supply voltage supervisors (SVS) are low-power integrated circuits 

designed for use as reset controllers in microprocessor and logic systems. During system power-up, the 
SVS te sts the supply voltage level via the SENSE input. If it is below the nominal value, the RESET and 
RESET outputs are held high and low, respectively. The reset outputs reach their active reset levels when 
the power supply voltage to the SVS has increased to 1 V. 

To ensure a full reset period after th e monitored supply voltage reaches its nominal value, the SVS delays 
the return of the RESET and RESET outputs to their low and high levels, respectively, by an internal time 
delay td. This time delay is determined by an external capacitor connected from the CT input to GND and 
is of duration td = 275 x Cj /as, where Cj is in nF. 

If at any time the supply voltage drops below its nominal value, the reset outputs will immediately become, 
and remain, in the reset active state until the supply voltage has returned to its nominal value and the 
reset period has elapsed. 

Holding the RESIN input low keeps the reset outputs in their active (reset) states. The RESIN input can 
be used to provide a debounced input for a reset switch or a cascade input for the wired-OR reset outputs 
of several SVSs in multiple supply systems. 

To prevent functional failures, these devices have internal electrostatic discharge (ESD) protection circuits 
rated at 2 kV. However, care should be exercised in handling these devices as exposure to ESD may result 
in a degradation of the device parametric performance. 

These devices are characterized for operation from -40°C to 85 °C. 


DEVICE FEATURES 


Threshold voltage 

1.3 V 

4.55 V 

Open-drain outputs 

TLC7701 

TLC7705 

Push-pull outputs 

TLC7721 

TLC7725 


NC H 1 O 8 ] Vdd 

RESIN C 2 7 D SENSE 

CT Q 3 6 U RESET 

gnd Q 4 5 P reset 

NC —No internal connection 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to Ghange or discontinue these 
products without notice. 
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TLC7701I, TLC7705I, TLC7721I, TLC7725I 
LinCMOS™ SUPPLY VOLTAGE SUPERVISORS 


functional block diagram 



tTLC7701, TLC7721: R1 = 0 fi NOM, R2 = Open. 

TLC7705, TLC7725: R1 = 1.37 MQ NOM, R2 = 545 kfl NOM. 
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TLC7701I, TLC7705I, TLC7721I, TLC7725I 
LinCMOS™ SUPPLY VOLTAGE SUPERVISORS 


typical operating sequence 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqd ( see No te 1). 18V 

Input voltage range at RESIN and SENSE . -0.3 V to Vqd 

High-level output current at RESET . - 5 mA 

Low-level output current at RESET. 5 mA 

Continuous total dissipation. see Dissipation Rating Table 

Operating free-air temperature range. -40°C to 85 °C 

Storage temperature range . -65°CC to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package. 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package. 300°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T a < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE T a - 25 °C 

T A - 85°C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 

377 mW 

JG 

825 mW 

6.6 mW/°C 

429 mW 

P 

1000 mW 

8.0 mW/°C 

520 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vqd* (see Note 2) 

3 16 

V 

High-level input voltage at RESIN, Vm* 

2 

V 

Low-level input voltage at RESIN, V||_* 

0.6 

V 

Input voltage at SENSE input, V| 

o v DD 

V 

High-level output current at RESET, Ioh 

-2 

mA 

Low-level output current at RESET, Iql 

4 

mA 

Operating free-air temperature range, T A 

-40 85 

°C 


^Outputs are in a reset state above a Vqd of 1 V. 

*An unused RESIN input should be tied to Vqd- 

NOTE 2: The minimum operating supply voltage will be equal to the voltage at the SENSE input for the TLC77_5. 
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TLC77011, TLC7705I, TLC7721I, TLC7725I 
LinCMOS™ SUPPLY VOLTAGE SUPERVISORS 


electrical characteristics over ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP* MAX 

UNIT 

V 0H High-level output voltage RESET 

lOH = 2 mA 

Vpp-1.5 

V 

lOH = 20 fiA 

V DD -0.1 

Vql Low-level output voltage RESET 

|qh = 4 mA 

0.4 

V 

lOH = 20 fiA 

0.1 

High-level output voltage at RESET 
OH(ST) de fj nec( at start _ U p 

V D o = 1 V to 3 V, 

R L = 500 kfi to GND § 

Vpp-0.1 

V 

Low-level output voltage at RESET 
OL(ST) de fj ned at s tart-up 


0.8 


, Threshold voltage 

Vj 

at SENSE input 

TLC77_1 

V D D = 3 V to 16 V, T A = 25 °C 



TLC77_5 

V D D = 5 V to 16 V, T A = 25 °C 


TLC77_1 

Vqd = 3 V to 16 V 


TLC77_5 

V D d = 5 V to 16 V 

4.46 4.55 4.64 

Hysteresis at SENSE input 
hys (see Note 3) 

TLC77_1 

V DD = 3V to 16 V, T A = 25°C 

5 

mV 

TLC77_5 

15 

l| Input current at RESIN 

V| = 0 to Vqd 

0.5 2 

m a 

l| Input current at SENSE 

TLC77_1 

V| = 0 to VpD 

0.5 2 

m A 

TLC77_5 

V| = 5 V 

5 

High-level output current 

0H at RESET 

TLC77_5 

V DD = 16 V, V 0 = 16 V, V| = V DD 

1 

nA 

Low-level output current 

0L at RESET 

TLC77_5 

Vqd = 16 V, Vq = 0, V| = Vqd 

-1 

HA 

Iqd Supply current 

All inputs at Vpp, No load 

o 

00 

IT) 

CM 

aA 


switching characteristics over full range of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

MIN TYP* MAX 

UNIT 

t w i Pulse duration, SENSE 

V| H = VjtypXl.08, V| L = VrtypXO.92 

500 

ns 

t w 2 Pulse duration, RESIN 

V| H = 4.8 V, V| L = 0.4 V 

Cj = 1 nF, T a = 25 °C, See Note 4 

400 

ns 

t d Time delay, SENSE high to reset outputs inactive 

0.35 

ns 

tpdi Propagation delay, SENSE to reset active 

V DD = 5 V, R L = 4.7 kfi, C L = 100 pF 
C T = 1 nF, T A = 25°C 

0.6 

fiS 

tpd2 Propagation delay, RESIN to reset active 

0.4 

fiS 

t r i Rise time, RESET and RESET 

TLC7721, TL7725 

Vpp = 5 V, R|_ = 4.7 kQ, C L = 100 pF 

200 

ns 

tf-| Fall time, RESET and RESET 

TLC7721, TL7725 

200 

ns 

t r 2 Rise time, RESET 

TLC7701, TL7705 

200 

ns 

tf2 Fall time, RESET 

TLC7701, TL7705 

1 2 

fiS 

t r 3 Rise time, RESET 

TLC7701, TL7705 

1 2 

#CS 

tf 3 Fall time, RESET 

TLC7701, TL7705 

200 

ns 


^All characteristics are at 10 nF between CT and GND. 

*AII typical values are at T A = 25 °C. 

§ Supply voltage slew rate should not exceed 30 V//*s. 

NOTES: 3. Hysteresis is the difference between the positive-going input threshold voltage (Vy + ) and the negative-going input threshold 
voltage (Vj-)- 

4. This parameter is measured in normal operation after the initial power-up reset. See typical operating sequence. 
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TLC7701I, TLC7705I, TLC7721I, TLC7725I 
LinCMOS™ SUPPLY VOLTAGE SUPERVISORS 


PARAMETER MEASUREMENT INFORMATION 



0.6 ^ y 


t f1'tf2-h f+- -f^j |4—trl' t r2 t pd2 

| 90% -\ I I I / j \9°% J/" 

nu*jyi i i \ / 


r ,d i 


■“ *f2 1 


_l£ \ 


Vi' V3—K- tpdl 

FIGURE 1. SWITCHING VOLTAGE WAVEFORMS 


\“- V 0 H 

^- V 0L 

/- VOH 

-V 0L 


PRINCIPLES OF OPERATION 

The internal configuration, shown in the functional block diagram, comprises a precision SENSE input 
comparator, a precision voltage reference, a current source, a discha rge NM OS transistor, an RS latch, 
and an output comparator that drives the reset outputs. Logic input RESIN feeds the input of another 
comparator. 



The SENSE input comparator is used to monitor a chosen supply voltage. The reset outputs of TLC77_5 

trip at an input voltage threshold level, preset by an internal high-impedance potential divider, equalling 

a 10% drop in a 5-V supply. The reset outputs of TLC77_1 trip at any user-defined supply voltage threshold 

level set by an external potential divider connected directly to the input of the SENSE comparator. The 

TLC77_1 SENSE comparator has a threshold level at its input set by the internal reference voltage of 

nominally 1.3 V (see electrical characteristics table values). 


The current source, discharge NMOS transistor, and RS latch provide the retriggerable reset timing function 
with an external capacitor connected between CT and GND. The internal output comparator monitors the 
capacitor voltage and controls the state of the reset outputs. 

The TLC770_RESET and RESET outputs are open drain and require resistors to define the non-reset 

condition by pulling-up to Vqq or pulling-down to GND, respectively. Open-drain reset outputs allow the 

TLC770_to be used in applications where wired-AND/OR is required. An example is microprocessors 

with reset inputs that also act as system reset outputs under software control. When this is not required, 

the push-pull outputs of TL C772_ are more appropriate. These use internal PMOS and NMOS transistors, 

respectively, on RESET and RESET outputs to define an active non-reset condition, saving an external pull-up 
resistor. 


In operation, when the monitored supply voltage has reached the SVS threshold level Vy, an internal 5-/iA 
current source starts to charge the external capacitor Cy. The reset outputs remain in their active reset 
state until the voltage across Cy reaches an internal 1.3-V reference voltage. The output comparator then 
returns the reset outputs to their non-reset states. The internal current source continues to charge Cy 
until a clamp level of 1.5 V is reached. Supply voltage drop-outs that make the SENSE input fall below 
Vy cause capacitor Cy to be discharged via the NMOS transistor. The input of the output comparator 
then falls below its reference level and the reset outputs are switched to an active reset state. A full reset 
timing pulse duration is ensured by discharging Cy to the same voltage level irrespective of the input SENSE 
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TLC7701I, TLC7705I, TLC7721I, TLC7725I 
LinCMOS™ SUPPLY VOLTAGE SUPERVISORS 


PRINCIPLES OF OPERATION 



pulse duration above the minimum specified. This is achieved by detecting the Cj capacitor voltage level 
and only releasing the RS latch when the capacitor has reached 0.5 V. A feedback action maintains this 
value. At power-up, when Cj is fully discharged, the reset pulse duration (t w ) is approximately twice the 
duration of a reset pulse duration obtained when Vqd is established and TLC77_is in normal operation. 

Setting the RESIN input low has the sa me effec t as the SENSE input falling below Vj. If the RESIN input 
is unused, it should be tied to VdD- The RESIN input uses a comparator with a nominal threshold voltage 
of 1.3 V, and can be used to monitor supply voltages with an external potential divider in the manner 

of the TLC77_1 SENSE input but with less accuracy. For greater precision, the wired-OR RESET o utputs 

of several TLC770_devices used to monitor a systems multiple supply voltages can be fed into the RESIN 

input of a master SVS whose output provides the overall system reset function. 

When their supply voltage approaches the nominal TTL threshold of 1.4 V during power-up, most logic 

devi ces sta rt to become internally biased. Special bias circuits have been added to the TLC77_RESET 

and RE SET output transistor to ensure that these outputs are reset active when Vdd reaches 1 V. The 
RESET output will not exceed the lower TTL input threshold of 0.8 V. The only limitation is the initial rate 
of rise of supply voltage, which if greater than 30 V/^s may not allow sufficient time for the RESET and 
RESET MOS output transistors to be fully turned on. This is caused by their gate circuit time-constants 
being initially higher at very low supply voltages. The effect is for the RESET output to follow the supply 
voltage increase for several ns. This is not a problem in practice because power supplies usually assume 
a current sourcing mode at start-up that, when feeding into an output smoothing capacitor, limits the rate 
of rise of output voltage. 

When using the TLC77_1, low-power applications require high-value external resistors to provide a user- 

defined external threshold level. To achieve minimum propagation delay, it may be necessary to provide 
compensation by means of a capacitor across the series resistor (the input capacitance of the SENSE 
comparator is typically 8 pF). Care should be taken that over compensation, which would cause triggering 
on noise, does not occur. Conversely, if it is desired to reduce susceptibility to noise, a capacitor can be 

placed across the input. For the TLC77_5, a low-value resistor in series with the SENSE input is required 

to achieve this function. 

Capacitor Cj should have a leakage current substantially below the 5-/*A charge current. This may rule 
out the use of electrolytic capacitors. 

TLC77_internal parameter values referred to in this description are nominal design values. 
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Optimized for Off-Line and DC-to-DC 
Converters 


UC2842, UC2843, UC2844, UC2845 
UC3842, UC3843, UC3844, UC3845 
CURRENT-MODE PWM CONTROLLERS 

_ D3175, JANUARY 1989 

D PACKAGE 
(TOP VIEW) 


• Low Start-Up Current (< 1 mA) 

• Automatic Feed-Forward Compensation 

• Pulse-by-Pulse Current Limiting 

• Enhanced Load-Response Characteristics 

• Undervoltage Lockout with Hysteresis 

• Double Pulse Suppression 

• High-Current Totem-Pole Output 


COMP [17 

NC C 2 
VFB C 3 
NC[> 
ISENSE C 5 

NC C 6 
RT/CT C 7 


Ul4h REF 
13 ] NC 

12] V C C 

ii ] vc 

10 3 OUTPUT 

9 3 gnd 
8 3 POWER 
-^ GROUND 


NC—No internal connection 


• Internally Trimmed Bandgap Reference 

• 500-kHz Operation 

• Error Amplifier with Low Output Resistance 

• Designed to be Interchangable with Unitrode 
UC2842 and UC3842 Series 


P PACKAGE 
(TOP VIEW) 

COMP 
VFB 
ISENSE 
RT/CT 


TTJs 

2 7 

3 6 

4 5 


3 REF 
3 Vrr 
3 OUTPUT 
3 gnd 


description 

The UC2842 and UC3842 series of control integrated circuits provide the features that are necessary to 
implement off-line or dc-to-dc fixed-frequency current-mode control schemes with a minimum number of 
external components. Internally implemented circuits include: undervoltage lockout (UVLO) featuring a 
start-up current of less than 1 mA, a precision reference trimmed for accuracy at the error amplifier input, 
logic to ensure latched operation, a pulse-width modulation (PWM) comparator (which also provides current- 
limit control), and a totem-pole output stage designed to source or sink high peak current. The output 
stage, suitable for driving N-channel MOSFETs, is low when it is in the off state. 



The primary difference between the UC2842-series devices and the UC3842-series devices is the ambient 
operating temperature range. The UC2842-series devices operate between -25°C and 85°C; the 
UC3842-series devices operate between 0°C and 70°C. Major differences between members of these 
series are the undervoltage lockout (UVLO) thresholds and maximum duty cycle ranges. Typical UVLO 

thresholds of 16 V (on) and 10 V (off) on the UC_842 and UC_844 devices make them ideally suited 

to off-line applications. The corresponding typical thresholds for the UC_843 and UC_845 devices are 

8.4 V on and 7.6 V off. The UC_842 and UC_843 devices can operate to duty cycles approaching 100%. 

A duty cycle range of 0 to 50% is obtained by the UC_844 and UC_845 by the addition of an internal 

toggle flip-flop, which blanks the output off every other clock cycle. 


PRODUCT PREVIEW information concerns products 
in the formative or design phase of development. 
Characteristic data and other specifications are design 
goals. Texas Instruments reserves the right to change 
or discontinue these products without notice. 
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UC2842, UC2843, UC2844, UC2845 
UC3842, UC3843, UC3844, UC3845 
CURRENT-MODE PWM CONTROLLERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage (see Note 1) dec <30 mA). 

Analog input voltage (VFB and ISENSE terminals) . 

Voltage on output pin. 

Voltage on VC pin (14-pin package) . 

Supply current. Ice. 

Output current. 

Error amplifier output sink current. 

Continuous power dissipation. 

Output energy (capacitive load). 

Storage temperature range . 

Lead temperature, 1,6 mm (1/16 inch) from case for 10 seconds 


. Self Limiting 

. -0.3 V to 6.3 V 

. 35 V 

. 35 V 

. 30 mA 

. ±1 A 

. 10 mA 

see Dissipation Rating Table 

. 5 fiJ 

. -65°C to 150°C 

. 260°C 


NOTE 1: All voltages are with respect to the device GND terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

T A < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE T A - 25 °C 

T A - 70°C 
POWER RATING 

T A - 85 °C 
POWER RATING 

D 

P 

950 mW 

1000 mW 

7.6 mW/°C 

8.0 mW/°C 

608 mW 

640 mW 

494 mW 

520 mW 


recommended operating conditions 



UC284_ 

UC384_ 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqc and VC 

30 

30 

V 

Average output current, lo 

200 

200 

mA 

Reference output current 

-20 

-20 

mA 

Frequency range 

500 

500 

kHz 

Operating free-air temperature, T A 

-25 85 

0 70 

°C 


electrical characteristics, Vqc * 15 V (see Note 2), Rj = 10 kl), Cj = 3.3 nF, Ta * full range 
(unless otherwise specified) 

reference section 


PARAMETER 

TEST CONDITIONS 


UC284_ 


UC384_ 


UNIT 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

Output voltage 

| Q = i mA , Tj = 25 °C 

4.95 

5 

5.05 

4.9 5 

5.1 

V 

Line regulation 

V C C = 12 V to 25 V 


6 

20 

6 

20 

mV 

Load regulation 

Iq = 1 mA to 20 mA 


6 

25 

6 

25 

mV 

Temperature coefficient of 
output voltage 



0.2 

0.4 

0.2 

0.4 

mV/°C 

Output voltage with worst- 

case variation 

V C C = 12 V to 25 V, 

Iq = 1 mA to 20 mA 

4.9 


5.1 

4.82 

5.18 

V 

Output noise voltage 

f = 10 Hz to 10 kHz, Tj = 25°C 

50 

50 

mV 

Output voltage long-term 

drift 

After 1000 h at T A = 125°C 


5 

25 

5 

25 

mV 

Short-circuit output current 


-30 

-100 

-180 

-30 -100 

-180 

mA 


NOTE 2: Adjust Vqc above the start threshold before setting it to 15 V. 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to or 
to discontinue any semiconductor product or service identified 
in this publication without notice. Tl advises its customers to 
obtain the latest version of the relevant information to verify, 
before placing orders, that the information being relied upon is 
current. 

Tl warrants performance of its semiconductor products to current 
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and other quality control techniques are utilized to the extent Tl 
deems necessary to support this warranty. Unless mandated by 
government requirements, specific testing of all parameters of 
each device is not necessarily performed. 

Tl assumes no liability for Tl applications assistance, customer 
product design, software performance, or infringement of patents 
or services described herein. Nor does Tl warrant or represent that 
any license, either express or implied, is granted under any patent 
right, copyright, mask work right, or other intellectual property 
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process in which such semiconductor products or services might 
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Basic Regulator Theory 

The function of every voltage regulator is to convert a dc input voltage into a specific, 
stable, dc output voltage and maintain that voltage over a wide range of load current and 
input voltage conditions. To accomplish this, the typical voltage regulator (Figure 1) consists 
of: 


1. A reference element that provides a known stable voltage level, (Vref) 

2. A sampling element to sample the output voltage level 

3. An error-amplifier element for comparing the output voltage sample to the 
reference and creating an error signal. 

4. A power control element to provide conversion of the input voltage to the 
desired output level over varying load conditions as indicated by the error 
signal. 


REGULATED 




Figure 1. Basic Regulator Block Diagram 

Although actual circuits may vary, the three basic regulator types are series, shunt, 
and switching. The four basic functions listed above exist in all three regulator types. 

Voltage Regulator Components 

Reference Element 


The reference element forms the foundation of all voltage regulators since output 
voltage is directly controlled by the reference voltage. Variations in the reference voltage 
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will be interpreted as output voltage errors by the error amplifier and cause the output 
voltage to change accordingly. To achieve the desired regulation, the reference must be 
stable for all variations in supply voltages and junction temperatures. There are several 
common techniques which can be used to solve design problems using integrated circuit 
regulators. Many of these techniques are discussed in the section of the text that outlines 
error contributions. 

Sampling Element 

The sampling element monitors the output voltage and converts it into a level equal 
to the reference voltage. A variation in the output voltage causes the feedback voltage 
to change to a value which is either greater or less than the reference voltage. This voltage 
difference is the error voltage which directs the regulator to make the appropriate response 
and thus correct the output voltage change. 

Error Amplifier 

The error amplifier of an integrated circuit voltage regulator monitors the feedback 
voltage for comparison with the reference. It also provides gain for the detected error 
level. The output of the error amplifier drives the control circuit to return the output to 
the preset level. 

Control Element 



All the previous elements discussed remain virtually unaltered regardless of the type 
regulator circuit. The control element, on the other hand, varies widely, depending upon 
the type of regulator being designed. It is the element that determines the classification 
of the voltage regulator; series, shunt, or switching. Figure 2 illustrates the three basic 
control element configurations, each of which is discussed in detail. These elements 
contribute an insignificant amount of error to the regulator’s performance. This is because 
the sampling element monitors the output voltage beyond the control element and 


Rs 

r v 1 

-► 

'load 

Vq = V,-(R S )I L 
(a) SERIES 


'LOAD. 



V| 


I 


Vo 


Vq = V, — R (l L + l S ) 

(b) SHUNT 

Figure 2. Control Element Configurations 


v 0 = v, 


t on + t off 
(c) SWITCHING 
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compensates for its error contributions. However, the control element directly affects 
parameters such as minimum input-to-output voltage differential, circuit efficiency, and 
power dissipation. 

Regulator Classifications 

Series Regulator 

The series regulator derives its name from its control element. The output voltage, 
Vo, is regulated by modulating an active series element, usually a transistor, that functions 
as a variable resistor. Changes in the input voltage, Vj, will result in a change in the 
equivalent resistance of the series element identified as Rs. The product of the resistance, 
RS, and the load current, II creates a changing input-to-output differential voltage, 
Vj — Vo, that compensates for the changing input voltage. The basic series regulator is 
illustrated in Figure 3, and the equations describing its performance are listed below. 


V 0 = 

(Vi-v 0 ) = 
v 0 = 

The change in 
AR S = 
The change in 
ARs = 


Vl-(Vi-Vo) 

ilRs 

Vi-I L Rs 

RS for a changing input voltage is: 

AVi 

IL 

RS for a changing load current: 

ai l Rs 
Il + AIl 
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Series regulators provide a simple, inexpensive way to obtain a source of regulated 
voltage. In high-current applications, however, the voltage drop which is maintained across 
the control element will result in substantial power loss and a much lower efficiency 
regulator. 

Shunt Regulator 

The shunt regulator employs a shunt control element in which the current is controlled 
to compensate for varying input voltage or changing load conditions. The basic shunt 
regulator is illustrated in Figure 4. 



V,. 


Rs 

-Wr 


'S 


•shunt 




REF 


1 L OAD 


pt> — c 

i 

& 

,£r 

1 SHUNT 

>- 1 < 

11 


. I 


* R1 


► R2 


Figure 4. Basic Shunt Regulator 

The output voltage, Vo as with the series regulator, is held constant by varying 
the voltage drop across the series resistor, Rs, by varying the current Is* Is may vary 
because of II changes or it may vary because of current, I(shunt)> through the shunt control 
element. For example, as II increases, I(shunt) decreases to adjust the voltage drop across 
RS- In this fashion Vo is held constant. 

Vo = Vi-I S RS 
Is = IL + I(shunt) 

Vo = Vi - RsPL + I(shunt)] 

The change in shunt current for a changing load current is: 

Al(shunt) = - AIl 
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The change in shunt current for a changing input voltage is: 

AVt 

Al(shunt) - 
I(shunt) = 

Even though it is usually less efficient than series or switching regulators, a shunt 
regulator may be the best choice for some applications. The shunt regulator is less sensitive 
to input voltage transients; does not reflect load current transients back to the source, and 
is inherently short-circuit proof. 

Switching Regulator 

The switching regulator employs an active switch as its control element. This switch 
is used to chop the input voltage at a varying duty cycle based on the load requirements. 
A basic switching regulator is illustrated in Figure 5. 


r ~—O-i 

l l 



Figure 5. Basic Switching Regulator (Step-Down Configuration) 



A filter, usually an LC filter, is then used to average the voltage present at its input 
and deliver that voltage to the output load. Because the pass transistor is either on (saturated) 
or off, the power dissipated in the control element is minimal. The switching regulator 
is therefore more efficient than the series or shunt type. For this reason, the switching 
regulator becomes particularly advantageous for applications involving large input-to-output 
differential voltages or high load-current requirements. In the past, switching voltage 
regulators were discrete designs. However, recent advancements in integrated circuit 
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technology have resulted in several monolithic switching regulator circuits that contain 
all of the necessary elements to design step-up, step-down, or inverting voltage converters. 
The duty cycle may be varied by: 

1. maintaining a constant on-time, varying the frequency 

2. maintaining a constant off-time, varying the frequency 

3. maintaining a constant frequency, varying the on/off times 

Major Error Contributors 

The ideal voltage regulator maintains constant output voltage despite varying input 
voltage, load current, and temperature conditions. Realistically, these influences affect 
the regulator’s output voltage. In addition, the regulator’s own internal inaccuracies affect 
the overall circuit performance. This section discusses the major error contributors, their 
effects, and suggests some possible solutions to the problems they create. 

Regulator Reference Techniques 

There are several reference techniques employed in integrated circuit voltage 
regulators. Each provides its particular level of performance and problems. The optimum 
reference depends on the regulator’s requirements. 

Zener Diode Reference 

The zener diode reference, as illustrated in Figure 6, is the simplest technique. The 
zener voltage itself, Vz, forms the reference voltage, VREF- 



Figure 6. Basic Zener Reference 

This technique is satisfactory for relatively stable supply-voltage and load-current 
applications. The changing zener current results in a change in the zener diode’s reference 
voltage, Vz- This zener reference model is illustrated in Figure 7. 

Constant-Current Zener Reference 

The zener reference can be refined by the addition of a constant-current source as 
its supply. Driving the zener diode with a constant current minimizes the effect of zener 


4-14 



Figure 7. Zener Reference Model 


impedance on the overall stability of the zener reference. An example of this technique 
is illustrated in Figure 8. The reference voltage of this configuration is relatively independent 
of changes in supply voltage and load current. 


VREF = V Z + V B E(Q1) 

iz - X|SQ1> + lB(Q1) 

Res 

In addition to superior supply voltage independence, the circuit illustrated in Figure 8 
yields improved temperature stability. The reference voltage, Vref, is the sum of the 
zener voltage (Vz) and the base-emitter voltage of Q1 [Vbe(Q 1)1- A low temperature 




Figure 8. Constant-Current Zener Reference 
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coefficient can be achieved by balancing the positive temperature coefficient of the zener 
with the negative temperature coefficient of the base-emitter junction of Ql. 

Band-Gap Reference 

Another popular reference is the band-gap reference, which developed from the highly 
predictable emitter-base voltage of integrated transistors. Basically, the reference voltage 
is derived from the energy-band-gap voltage of the semiconductor material 
[Vgo(silicon) = 1 204 V]. The basic band-gap configuration is illustrated in Figure 9. 
The reference voltage, VreF> in this case is: 

VREF = VfiE(Q3)+l2 R2 




The resistor values of R1 and R2 are selected in such a way that the current through 
transistors Ql and Q2 are significantly different (Ii = IOI 2 ). The difference in current 
through transistors Ql and Q2 also results in a difference in their respective base-emitter 
voltages. This voltage differential [VbE(QI) ~ VbE(Q 2)1 will appear across R3. Application 
of transistors with sufficiently high gain results in current I 2 passing through R3. In this 
instance, I 2 is equal to: 


VbE(Q1)~VbE(Q2) 

R3 


•'•VREF = VbE(Q3) + 


VbE(Q1)- v BE(Q2) 


R2 

R3 
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By analyzing the effect of temperature on VreF it can be shown that the difference 
between two similar transistors’ emitter-base voltages, when operated at different currents 
is: 


VBE(Ql) - VfiE(Q2) = “ ln ^ 
where 


k = Boltzmann’s constant 
T = absolute temperature - degrees K 
q = charge of an electron 
I = current 


The base-emitter voltage of Q3 can also be expressed as: 


VBE(Q3) 

where 


, T 


T 

TO 

+ VBEO 

TO 


Vgo = band-gap potential 
VfiEO = emitter-base voltage at To 

VrEF can then be expressed as: 

VREF - Vgo [1 - i] + VBEO [^] + jg "'"I 
Differentiating with respect to temperature yields 

dVREF = _ Vgo ^ VbeO _,_R2 k 1n Ii 
dT T 0 T 0 R3 q 12 

If R2, R3, and I] are appropriately selected such that 
R2 Ti 

R3 ln = [Vgo-VBEO(Q3)] C 
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where 



V go = 1.2 V 

the resulting 

dVREF = n 
dT 


The reference is temperature-compensated. 

Band-gap reference voltage is particularly advantageous for low-voltage applications 
(VrEF = 1.2 V) and it yields a reference level that is stable even with variations in supply 
and temperature. 

Sampling Element 

The sampling element used on most integrated circuit voltage regulators is an R1/R2 
resistor divider network (Figure 10), which can be determined by the output-voltage-to- 
reference-voltage ratio. 



= i+M 
VREF R2 

Since the feedback voltage is determined by ratio and not absolute value, proportional 
variations in R1 and R2 have no effect on the accuracy of the integrated circuit voltage 
regulator. When proper attention is given to the layout of these resistors in an integrated 
circuit, their contribution to the error of the voltage regulator will be minimal. The initial 
accuracy is the only parameter affected. 
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Error Amplifier Performance 


If a stable reference and an accurate output sampling element exist, the error amplifier 
becomes the primary factor determining the performance of the voltage regulator. Typical 
amplifier performance parameters such as offset, common-mode and supply-rejection ratios, 
output impedance, and temperature coefficient affect the accuracy and regulation of the 
voltage regulator. These amplifier performance parameters will affect the accuracy of the 
regulator due to variations in supply, load, and ambient temperature conditions. 

Offset Voltage 

Offset voltage is viewed by the amplifier as an error signal, as illustrated in Figure 11, 
and will cause the output to respond accordingly. 

V 0 = AyVi 


Vi = Vref-Vio-Vfb 

v ra = y o [juris] 


Vo = 


J_ + 

R2 

Ay 

LR1+R2. 


If Ay is sufficiently large 


Vo = (Vref-vio) 1 + 


K] 



VlO represents an initial error in the output of the integraged circuit voltage regulator. 
The simplest method of compensating for this error is to adjust the output voltage sampling 
element R1/R2. 


Offset Change with Temperature 

The technique discussed above compensates for the amplifier’s offset voltage and 
yields an accurate regulator, but only at a specific temperature. In most amplifiers, the 
offset voltage change with temperature is proportional to the initial offset level. Trimming 
the output voltage sampling element, does not reduce the offset voltage but merely 
counteracts it. At a different ambient tmperature, the offset voltage changes and, thus, 
error is again introduced into the voltage regulator. Monolithic integrated circuit regulators 
use technology that essentially eliminates offset in integrated circuit amplifiers. With 
minimal offset voltage, drift caused by temperature variations will have little consequence. 
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Figure 11. Amplifier Model Showing Input Offset Voltage Effect 


Supply Voltage Variations 



The amplifier’s power supply and common-mode rejection ratios are the primary 
contributors to regulator error which has been introduced by an unregulated input voltage. 
In an ideal amplifier, the output voltage is a function of the differential input voltage only. 
Realistically, the common-mode voltage of the input also influences the output voltage. 
The common-mode voltage is the average input voltage, referenced from the amplifier’s 
virtual ground (see Figure 12 and the following equations). 


Vcc + 



Figure 12. Amplifier Model Showing Common-Mode Voltage 


4-20 


Virtual ground = V CC + + Vfi£ 


Vl(av) 


V S + V 0 


[ 


R2 

R1+R2. 


VCM 


Vs+v °(riTr2) -( v cc+ + vcc- 


From this relation, it can be seen that unequal variations in either power supply bus 
rail will result in a change in the common-mode voltage. The common-mode voltage 
rejection ration (CMRR) is the ratio of the amplifier’s differential voltage amplification 
to the common-mode voltage amplification. 


CMRR 


AVCM 


Ayp 

AVCM 

Ayp 

CMRR 


That portion of output which is voltage contributed by the equivalent common-mode 
input voltage is: 


Vo = VcmAvcM = 


AypVCM 

CMRR 


The equivalent error introduced then is: 


COMMON-MODE ERROR 


= VCM 
CMRR 



The common-mode error represents an offset voltage to the amplifier. Neglecting 
the actual offset voltage, the output voltage of the error amplifier then becomes: 

Vo - ( v REF + gg®j(l+j|) 

Using constant-current sources in most integrated circuit amplifiers, however, yields 
a high power-supply (common-mode) rejection ratio. This power-supply rejection ratio 
is of such a large magnitude that the common-mode voltage effect on Vo can usually be 
neglected. 

Regulator Design Considerations 

Various types of integrated circuit voltage regulators are available, each having its 
own particular characteristics, giving it advantages in various applications. The type of 
regulator used depends primarily upon the designer’s needs and trade-offs in performance 
and cost. 
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Positive vs Negative Regulators 

This classification of voltage regulators is easily understood; a positive regulator 
is used to regulate a positive voltage, and a negative regulator is used to regulate a negative 
voltage. However, what is positive and negative may vary, depending upon the ground 
reference. 

Figure 13 illustrates conventional positive and negative voltage regulator applications 
employing a continuous and common ground. For systems operating on a single supply, 
the positive and negative regulators may be interchanged by floating the ground reference 
to the load or input. This approach to design is recommended only where ground isolation 
serves as an advantage to overall system performance. 



+ v reg - 



V REG + 


Figure 13. Conventional Positive/Negative Regulator 


Figures 14 and 15 illustrate a positive regulator in a negative configuration and a 
negative regulator in a positive configuration, respectively. 



(V| MUST FLOAT) 


Figure 14. Positive Regulator in Negative Configuration 
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Figure 15. Negative Regulator in Positive Configuration 


Fixed vs Adjustable Regulators 


Many fixed three-terminal voltage regulators are available in various current ranges 
from most major integrated circuit manufacturers. These regulators offer the designer a 
simple, inexpensive method to establish a regulated voltage source. Their particular 
advantages are: 


1. Ease of use 

2. Few external components required 

3. Reliable performance 

4. Internal thermal protection 

5. Short-circuit protection. 


There are disadvantages. The fixed three-terminal voltage regulators cannot be 
precisely adjusted because their output voltage sampling elements are internal. The initial 
accuracy of these devices may vary as much as ±5% from the nominal value; also the 
output voltages available are limited. 



Current limits are based on the voltage regulator’s applicable current range and are 
not adjustable. Extended range operation (increasing IlOAD) is cumbersome and requires 
complex external circuitry. 

The adjustable regulator may be well suited for those applications requiring higher 
initial accuracy. This depends on the complexity of the adjustable voltage regulator. 
Additionally, all adjustable regulators use external feedback, which allows the designer 
a precise and infinite voltage selection. 

The output sense may also be referred to a remote point. This allows the designer 
to not only extend the range of the regulator (with minimal external circuitry), but also 
to compensate for losses in a distributed load or external pass components. Additional 
features found on many adjustable voltage regulators are: adjustable short-circuit current 
limiting, access to the voltage reference element, and shutdown circuitry. 
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Dual-Tracking Regulator 

The dual-tracking regulator (Figure 16) provides regulation for two power supply 
buses, usually one positive and one negative. The dual-tracking feature assures a balanced 
supply system by monitoring the voltage on both power supply buses. If either of the 
voltages sags or goes out of regulation, the tracking regulator will cause the other voltage 
to vary accordingly (A 10% sag in the positive voltage will result in a 10% sag in the 
negative voltage.). These regulators are, for the most part, restricted to applications such 
as linear systems where balanced supplies offer a definite performance improvement. 



Figure 16. Dual-Tracking Regulator 

Series Regulator 

The series regulator is well suited for medium current applications with nominal 
voltage differential requirements. Modulation of a series pass control element to maintain 
a well-regulated, prescribed, output voltage is a straightforward design technique. Safe- 
operating-area protection circuits such as overvoltage, fold-back current limiting, and short- 
circuit protection are additional functions that series regulators can supply. The primary 
disadvantage of the series regulator is its power consumption. The amount of power a 
series regulator (Figure 17) will consume depends on the load current being drawn from 
the regulator and is proportional to the input-to-output voltage differential. The amount 


V| 



SERIES 

REGULATOR 



-» 

h 


'REG j 

t 


■ L 


Figure 17. Series Regulator 
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of power consumed becomes considerable with increasing load or differential voltage 
requirements. This power loss limits the amount of power that can be delivered to the 
load because the amount of power that can be dissipated by the series regulator is limited. 

The equations that describe these conditions are listed below. PREG is the power 
lost in the regulator, l\ is the input current, IreG is the regulator current and II is the 
load current. The differential voltage across the regulator is (Vi-Vo). 

PREG = ViIi-VoIl 
<1 = IREG + Il 

Since II is much greater than IreG 

II = IL 

PREG = IL (Vi-Vo) 

Floating Regulator 

The floating regulator (Figure 18) is a variation of the series regulator. The output 
voltage remains constant by changing the input-to-output voltage differential for varying 
input voltage. The floating regulator’s differential voltage is modulated such that its output 
voltage when referenced to its common terminal Vo(reg) is equal to its internal reference 
(Vref)* The voltage developed across the output-to-common terminal is equal to the 
voltage developed across RI(Vri). 



Figure 18. Floating Regulator 
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VQ(reg) = Vref = Vri 



The common-terminal voltage is: 

VCOM = Vo-V ri = Vo-V ref 
T he input voltage seen by the floating regulator is: 

Vl(reg) = Vi-VcOM 
Vl(reg) = Vi-Vo + Vref 
V l(reg) = VDIFF + VREF 

Since VreF is fixed, the only limitation on the input voltage is the allowable 
differential voltage. This makes the floating regulator especially suited for high-voltage 
applications (Vi>40 V). Practical values of output voltage are limited to practical ratios 
of output-to-reference voltages. 

R2 = _Vo_ 

Ri vref 


The floating regulator exhibits power consumption characteristics similar to that of 
the series regulator from which it is derived, but unlike the series regulator, it can also 
serve as a current regulator as shown in Figure 19. 
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v O(reg) 

V L 
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Figure 19. Floating Regulator as a Constant-Current Regulator 


Shunt Regulator 

The shunt regulator, illustrated in Figure 20, is the simplest of all regulators. It 
employs a fixed resistor as its series pass element. Changes in input voltage or load current 
requirements are compensated by modulating the current which is shunted to ground through 
the regulator. 


For changes in V\: Alz = 

For changes in II: Alz - -AIl 


Rs 




Figure 20. Shunt Regulator 

The inherent short-circuit-proof feature of the shunt regulator makes it particularly 
attractive for some applications. The output voltage will be maintained until the load current 
required is equal to the current through the series element (see Figure 21). Since the shunt 
regulator cannot supply any current, additional current required by the load will result 
in reducing the output voltage to zero. 
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Vo = Vi-IlRs 

The short-circuit current of the shunt regulator then becomes: 

V 0 = 0 
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Switching Regulator 


The switching regulator lends itself primarily to the higher power applications or 
those applications where power supply and system efficiency are of the utmost concern. 
Unlike the series regulator, the switching regulator operates its control element in an on- 
or off-mode. Switching regulator control element modes are illustrated in Figure 22. 



ON-STATE 

P SW = V SW *SW 
V§w = 0 V 
p SW = 0 W 


OFF-STATE 

p SW = V SW *sw 
•sw = o A 
p sw = 0 w 


Figure 22. Switching Voltage Regulator Modes 
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In this manner, the control element is subjected to a high current at a very low voltage 
or a high differential voltage at a very low current. In either case, power dissipation in 
the control element is minimal. Changes in the load current or input voltage are compensated 
for by varying the on-off ratio (duty cycle) of the switch without increasing the internal 
power dissipated in the switching regulator. See Figure 23(a). 

For the output voltage to remain constant, the net charge in the capacitor must remain 
constant. This means the charge delivered to the capacitor must be dissipated in the load. 


Ic = IL'-IL 

Ic = -II for II' = 0 

IC = lL(pk)“lL for IL' = iL(pk) 


The capacitor current waveform then becomes that illustrated in Figure 23(b). The 
charge delivered to the capacitor and the charge dissipated by the load are equal to the 
areas under the capacitor current waveform. 


AQ + 


AQ- 


HlL(pk)-lL) 2 ,/Vl\ 

2 i L(P k) \yc) 


IL 


tperiod 


1 

2 



_ i ,/ iL(pk)-i L y vi\ 

2 ( lL(pk) )\Vc) 


By setting AQ + equal to AQ - , the relationship of II and iL(pk) f° r AQ = 0 can 
be determined; 


IL = ^ *L(pk) 


Vi t 
VC tperiod 


As this demonstrates, the duty cycle t/tp C riod can be altered to compensate for input 
voltage changes or load variations. 


The duty cycle t/tp e riod can be altered a number of different ways, 
t = ton (inductor charge time) 

tperiod == Total time (t 0 n + t 0 ff + tl) where t\ is the time from t 0 ff until the start 
of the next charge cycle. 

Knowing t per iod then: 


f = 


1 

tperiod 



4-29 


Design Considerations 



tperiod 

(a) CHANGES IN THE LOAD CURRENT WITH DUTY CYCLE 
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Figure 23. Variation of Pulse Width vs Load 
Fixed-On-Time, Variable Frequency 

One technique of voltage regulation is to maintain a fixed or predetermined “on” 
time (t), the time the input voltage is being applied to the LC filter and vary the duty cycle 
by varying the frequency (f). This method makes voltage conversion applications design 
easier (step-up, step-down, invert) since the energy stored in the inductor of the LC filter 
during the on-time (which is fixed) determines the amount of power deliverable to the 
load. Thus calculation of the inductor is fairly straightforward. 
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where 


V 

T t 


= value of inductance in microhenrys 
= differential voltage in volts 

= required inductor current defined by the load in amps 
= on-time in microseconds 

The fixed-on-time approach is also advantageous from the standpoint that a consistent 
amount of energy is stored in the inductor during the fixed on-time period. This simplifies 
the design of the inductor by defining the operating parameters to which the inductor is 
subjected. The operating characteristic of a fixed-on-time switching voltage regulator is 
a varying frequency, which changes directly with changes in the load. This can be seen 
in Figure 24. 


L 


L 

V 

I 

t 



Figure 24. Frequency vs Load Current for Fixed On-Time SYR 



Fixed-Off-Time, Variable Frequency 

In the fixed-off-time switching voltage regulator, the average dc voltage is varied 
by changing the on time (t) of the switch while maintaining a fixed off-time (t 0 ff). The 
fixed-off-time switching voltage regulator behaves in a manner opposite that of the fixed- 
on-time regulator. 

As the load current increases, the on time is made to increase, thus decreasing the 
operating frequency; this is illustrated in Figure 25. This approach provides the capability 
to design a switching voltage regulator that will operate at a well-defined minimum 
frequency under full-load conditions. 

The fixed-off-time approach also allows a dc current to be established in the inductor 
under increased load conditions, thus reducing the ripple current while maintaining the 
same average current. The maximum current experienced in the inductor under transient 
load conditions is not as well defined as that found in the fixed-on-time regulator. Thus, 
additional precautions should be taken to ensure that the inductor does not saturate. 
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f- FREQUENCY 



Figure 25. Frequency vs Load Current for Fixed Off-Time SYR 
Fixed-Frequency , Variable Duty Cycle 

The fixed-frequency switching regulator varies the duty cycle of the pulse train in 
order to change the average power. The fixed-frequency concept is particularly 
advantageous for systems employing transformer-coupled output stages. The fixed 
frequency permits efficient design of the associated magnetics. Transformer coupling also 
has advantages in single and multiple voltage-conversion applications. The fixed-frequency 
regulator will establish a dc current through the inductor (for increased load conditions) 
to maintain the required load current with minimal ripple current. The single-ended and 
transformer-coupled configurations are illustrated in Figure 26. 



STEP-DOWN STEP-UP INVERT 


(a) SINGLE-ENDED CONFIGURATIONS 



FLYBACK PUSH-PULL 


(b) TRANSFORMER-COUPLED CIRCUITS 
Figure 26. Switching Voltage Regulator Configurations 
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These types of switching regulators can thus be operated with high efficiency to 
provide low-voltage, regulated outputs from a high-voltage, unregulated supply or vice 
versa. The switching frequency should be established at the optimum value for the switching 
components of the supply (transformer, switching transistor, inductor, and filter capacitor). 
High-frequency operation is distinctly advantageous because the cost, weight, and volume 
of both L and C filter elements are reduced. However, the frequency at which the effective 
series resistance of the filter capacitor equals its capacitive reactance is the maximum 
allowable frequency. 


Operation above 20 kHz is desirable to eliminate the possibility of audible noise. 
Choosing an operating frequency that is too high will result in power switching transistor 
losses as well as “catch” diode losses. The higher cost of these high performance 
components must be balanced against the reduced cost, size, and weight of the L and C 
components when determining the optimum frequency for a specific application. 

Regulator Safe Operating Area 


The safe operating area (SOA) is a term used to define the input and output voltage 
range and load current range within which any device is designed to operate reliably. 
Exceeding these limits will result in a catastrophic failure or will render the device 
temporarily inoperative, depending upon the device and its performance characteristics. 
Integrated circuit voltage regulators with internal current limiting, thermal and short-circuit 
protection will merely shut down. External components, such as pass transistors on the 
other hand, may respond with catastrophic failure. 

Regulator SOA Considerations 

Although particular design equations depend upon the type of integrated circuit voltage 
regulator used and its application, there are several boundaries that apply to all regulator 
circuits for safe, reliable performance. 



Input Voltage 


The limits on the input voltage are derived from three considerations: 


Vlmax 

The absolute maximum rated input voltage as referenced to the regulator’s 
ground. This is a safe operating area (SOA) destruct limit. 


(Vj-VO)min 

The input-to-output differential voltage also referred to as the dropout voltage, 
at which the regulator ceases to function properly. This is a functional limit. 

(Vi - VO)max 

The maximum input-to-output differential voltage. Usually, the regulator’s 
power dissipation is exceeded prior to the (Vj - Vo)max limit. This is an SOA 
level that can be limited by the allowable power dissipation (PDmax)- 
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Load Current 


iLmax 

The maximum load current deliverable from the integrated circuit regulator. 
If internal current limiting is not provided, external protection should be 
provided. This is a functional limit that may be further limited by PDmax- 

Power Dissipation 

PDmax 

The maximum power that can be dissipated within the regulator. Power 
dissipation is the product of the input-to-output differential voltage and the 
load current, and is normally specified at or below a given case temperature. 
This rating is usually based on a 150 °C junction temperature limit. The power 
rating is an SOA limit unless the integrated circuit regulator provides an internal 
thermal protection. 

Output Voltage of an Adjustable-Voltage Regulator 


VOmin 

The minimum output voltage a regulator is capable of regulating. This is usually 
a factor of the regulator’s internal reference and is a functional limit. 



VOmax 

The maximum output voltage a regulator is capable of regulating. This is largely 
dependent on the input voltage and is a functional limit. 

External Pass Transistor 


For applications requiring additional load current, integrated circuit voltage regulator 
capabilities may be boosted with the addition of an external pass transistor. When employed, 
the external pass transistor, in addition to the voltage regulator, must be protected against 
operation outside its safe operating area. Operation outside the safe operating area is 
catastrophic to most discrete transistors. 

ICmax 

The maximum current the transistor is capable of sustaining. ICmax now 
becomes the maximum current the regulator circuit is capable of delivering 
to the load. Associated with ICmax is a collector-emitter voltage 
(Vce = Vi-Vo). If the product (Vi-Vomax) ICmax exceeds the SOA 
then ICmax will have to be derated. This will then become a functional limit 
instead of a catastrophic limit. ICmax is related to power dissipation and 
junction or case temperature. ICmax mus t again be derated if the thermal or 
power ratings at which it is specified are exceeded. The resulting derated ICmax 
should continue to be considered as a catastrophic limit. Actual ICmax limits 
and derating information will appear on the individual transistor specification. 
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VCEmax 

The maximum collector-emitter voltage that can be applied to the transistor 
in the off-state. Exceeding this limit can be catastrophic. 

PDmax 

The maximum power that can be dissipated by the transistor. This is usually 
specified at a specific junction or case temperature. If the transistor is operated 
at higher temperatures, the maximum power must be derated in accordance 
with the operating rules specified in the transistor’s applicable specification. 
Prolonged operation above the transistor’s maximum power rating will result 
in degradation or destruction of the transistor. 

Safe Operating Protection Circuits 

Selection of the proper integrated circuit voltage regulators and external components 
will result in a reliable design in which all devices can operate well within their respective 
safe operating areas. Fault conditions (such as a short-circuit or excessive load) may cause 
components in the regulator circuit to exceed their safe operating area operation. Because 
of this situation, as well as protection for the load, certain protection circuits should be 
considered. 

Reverse Bias Protection 

A potentially dangerous condition may occur when a voltage regulator becomes 
reverse biased. For example, if the input supply were crowbarred to protect either the _ 
supply itself or additional circuitry, the filter capacitor at the output of the regulator circuit g 
would maintain the regulator’s output voltage and the regulator circuit would be reverse 
biased. If the regulated voltage is large enough (greater than 7 V), the regulator circuit 
may be damaged. To protect against this, a diode can be used as illustrated in Figure 27. 
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Figure 27. Reverse Bias Protection 

Current Limiting Techniques 

The type of current limiting used depends primarily on the safe operating area of 
the pass element used. The three basic current limiting techniques are series resistor, 
constant current, and fold-back current limiting. 
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Series Resistor 


This is the simplest method for short-circuit protection. The short-circuit current 
is determined by the current-limiting resistor RCL> illustrated in Figure 28. 

Vo = Vo(reg)-lLRCL 

A short-circuit condition occurs when Vo = 0, thus: 

ISC = IL @ (Vo = 0) = 



Figure 28. Series Resistance Current Limiter 

■ jjl The primary drawback of this technique is error introduced by the voltage dropped 

® across RcL under varying load condtions. The % error, as illustrated by the following 
equations, depends on the Rcl and Rl values. 


IL 


Vo 


% ERROR 
% ERROR 


Vo 

Rl 


VQ(reg) 

VQ(reg) ~ Vq 
VO( reg) 


Rcl 

Rl+Rcl 
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Maintaining Rcl at a level which is an order of magnitude less than the nominal load 
impedance minimizes this effect. 

Rcl = jjj Rl % error = 9 . 1 % 


This also yields a short-circuit current that is an order of magnitude greater than the normal 
operating load current. 


iL(norm) - 
ISC = 


v O(reg) 

RCL + RL(norm) 
v O(reg) 

Rcl 


ISC — 11 iL(norm) 

This technique is obviously inefficient since it requires using a regulator or pass 
element with current capabilities in excess (1IX) of its normal operating capabilities. The 
performance characteristics of a series resistance current limited regulator are illustrated 
in Figure 29. 



Figure 29. Performance Characteristics of a Series Resistance 
Current-Limited Regulator 



Constant-Current Limiting 

Constant-current limiting is the most popular current-limiting technique in low-power, 
low-current regulator circuits. The basic configuration is illustrated in Figure 30. Note 
that this method requires access to the control element and remote voltage sense capabilities. 
By sensing the output voltage beyond the current limiting resistor, the circuit allows the 
regulator to compensate for the voltage changes across RcL- 
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If an external pass transistor is used, its base current may be starved to accomplish 
constant-current limiting, as illustrated in Figure 31. Current limiting takes effect as the 
voltage drop across RcL approaches the potential required to turn on transistor Ql. As 
Q1 is biased on, the current supplying the base of Q2 is diverted, thus decreasing the 
drive current to Q3, the regulator’s pass transistor. The performance characteristics of 
a constant-current limited regulator are illustrated in Figure 32. 



EXTERNAL PASS 
TRANSISTOR 



Figure 31. Constant Current Limiting for External 
Pass Transistor Applications 

It should be noted that short-circuit conditions are the worst conditions that can be 
imposed on the pass transistor since it has to survive not only the short-circuit current, 
but it has to withstand the full input voltage across its collector and emitter terminals. 
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Figure 32. Constant-Current Limiting 


This normally requires the use of a pass transistor with power handling capabilities much 
greater than those required for normal operation i.e.: 

Vi = 20 V Vo = 12 V Io = 700 mA 

NOMINAL Pd = (20 V- 12 V)x0.7 A = 5.6 W 

For Isc = 1 A(150% IOUT)' 

SHORT-CIRCUIT Pd = 20 V x 1 A = 20 W 


This requirement may be reduced by the application of fold-back current limiting. 
Fold-Back Current Limiting 

Fold-back current limiting is used primarily for high-current applications where the 
normal operating requirements of the regulator dictate the use of an external power 
transistor. The performance characteristics of a fold-back current limiting regulator are 
illustrated in Figure 33. The principle of fold-back current limiting provides limiting at 
a predetermined current (Ik). At this predetermined current, feedback reduces the load 
current as the load continues to increase (Rl decreasing) and causes the output voltage 
to decay. 



The fold-back current-limiting circuit of Figure 34, behaves in a manner similar 
to the constant-current limit circuit illustrated in Figure 31. In Figure 34, the potential 
developed across the current limit sense resistor (Rcl) must not only develop the base- 
emitter voltage required to turn on Q1, but it must develop sufficient potential to overcome 
the voltage across resistor Rl. 


VBE(Ql) = RCLlL - XR1 


_ VbE(QI) (R1+R2) + V 0 R1 
K RCLR2 
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Figure 33. Fold-Back Current Limiting 



As the load current requirement increases above Ik, the output voltage (Vo) decays. 
The decreasing output voltage results in a proportional decrease in voltage across R1. Thus, 
less current is required through Rcl t0 develop sufficient potential to maintain the forward- 
biased condition of Q1. This can be seen in the above expression for Ik. As Vo decreases, 
IK decreases. Under short-circuit conditions, (Vq = 0) Ik becomes: 


ISC = IK @ (Vo = 0) 


VBE(Ql) 

Rcl 


i + 


The approach illustrated in Figure 34 allows a more efficient design because the 
collector current of the pass transistor is less during short-circuit conditions than it is during 
normal operation. This means that during short-circuit conditions, when the voltage across 
the pass transistor is maximum, the collector-emitter current is reduced. As illustrated 
in Figure 35, fold-back current limiting fits closer to the typical performance characteristics 
of the transistor, thus allowing a better design match of the pass transistor to the regulator. 


EXTERNAL PASS 



’ SENSE ELEMENT 
Figure 34. Fold-Back Current Limit Configuration 
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LOAD CURRENT/COLLECTOR CURRENT Q3 

Figure 35. Fold-Back Current Limit Safe Operating Area 


Three-Terminal Regulators 

Three-terminal IC regulators have been especially useful to the designer of small, 
regulated power supplies or on-card regulators. Three-terminal regulators are popular 
because they are small and require a minimum number of external components. 


Stabilization 


Mounting and using three-terminal regulators usually presents no problem, however, 
there are several precautions that should be observed. Positive regulators, in general, use 
n-p-n emitter follower output stages whereas negative regulators use n-p-n common-emitter 
stages with the load connected to the collector. The emitter follower output stage 
configuration is not used in negative regulators because monolithic p-n-p series-pass 
transistors are more difficult to make. Due to their output stage configuration, positive 
regulators are more stable than negative regulators. Therefore, the practice of bypassing 
positive regulators may be omitted in some applications. It is good practice, however, 
to use bypass capacitors at all times. 

For a positive regulator, a 0.33-/zF bypass capacitor should be used on the input 
terminals. While not necessary for stability, an output capacitor of 0.1 fiF may be used 
to improve the transient response of the regulator. These capacitors should be on or as 
near as possible to the regulator terminals. See Figure 36. 

When using a negative regulator, bypass capacitors are a must on both the input 
and output. Recommended values are 2 /zF on the input and 1 /zF on the output. It is 
considered good practice to include a 0.l-/zF capacitor on the output to improve the transient 
response (Figure 37). These capacitors may be mylar, ceramic, or tantalum, provided 
that they have good high frequency characteristics. 
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Figure 36. Positive Regulator 
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Figure 37. Negative Regulator 

Fixed Dual Regulators 

When building a dual power supply with both a positive and a negative regulator, 
extra precautions should be taken. If there is a common load between the two supplies, 
latch-up may occur. Latch-up occurs because a three-terminal regulator does not tolerate 
a reverse voltage of more than one-diode drop. To prevent this latch-up problem, it is 
good design practice to place reversed-biased diodes across each output of a dual supply. 
While the diodes should not be necessary if the dual regulator outputs are referenced to 
ground, latch-up may occur at the instant power is turned on, especially if the input voltage 
to one regulator rises faster than the other. This latch-up condition usually affects the positive 
regulator rather than the negative regulator. These diodes prevent reverse voltage to the 
regulator and prevent parasitic action from taking place when the power is turned on. 
The diodes should have a current rating of at least half the output current. A recommended 
circuit for a dual 15-V regulated supply is illustrated in Figure 38. 

In Figure 38, 1N4001 diodes are placed directly across the regulators, input to output. 
When a capacitor is connected to the regulator output, if the input is shorted to ground, 
the only path for discharging the capacitor normally is back through the regulator. This 
could be (and usually is) destructive to the regulator. The diodes across the regulator divert 
any discharge current, thus protecting the regulator. 
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1N4001 



Figure 38. Regulated Dual Supply 


Series Adjustable Regulator 


Figure 39 illustrates a typical circuit for an LM317 adjustable positive regulator with 
the output adjustable from 1.2 V to 17 V and up to 1.5 A of current. (A typical input 
supply uses a 25.2-V transformer and a full-wave bridge rectifier.) 


Stabilization, as described earlier for fixed three-terminal regulators, is usually not 
required. Although the LM317 is stable with no output capacitors, like any feedback circuit, 
certain values of external capacitance can cause excessive ringing. This effect occurs with 
values between 500 pF and 5000 pF. Using a 10-/*F aluminum electrolytic on the output 
swamps this effect and ensures stability. 



D1 


INPUT 
35 V 


IN 4002 



? 



OUTPUT 
1.2 V TO 17 V 
AT 1.5 A 


Figure 39. Positive Adjustable Series Regulator 
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Cl is the power supply filter capacitor following the rectifier section and should 
be connected close to the regulator input for maximum stability. If the input were to be 
shorted, D1 would divert the discharge current around the regulator, protecting it. Also, 
with both D1 and D2 in the circuit, when the input is shorted, C2 is discharged through 
both diodes. In general, a diode should be used in the position occupied by D1 on all 
positive regulators to prevent reverse biasing. This becomes more important at higher output 
voltages since the energy stored in the capacitors is larger. Bypassing the adjustment terminal 
(C2) improves ripple rejection. Output capacitor C3 is added to improve the transient 
response of the regulator. 

In both the negative (LM337) and the positive (LM317) series adjustable regulators, 
there is an internal diode from the input to the output. If the total output capacitance is 
less than 25 pF, D1 may be omitted. 

Layout Guidelines 

As implied in the previous sections, component layout and orientation plays an 
important, but often overlooked, role in the overall performance of the regulator. The 
importance of this role depends upon such things as power level, the type of regulator, 
the overall regulator circuit complexity, and the environment in which the regulator 
operates. The general layout rules, as well as remote voltage sensing, and component layout 
guidelines are discussed in the following text. 

Layout Design Factors 

ilj Most integrated circuit regulators use wide-band transistors to optimize their response. 

These regulators must be compensated to ensure stable closed-loop operation. This 
compensation can be counteracted by a layout which has excess external stray capacitance 
and line inductance. For this reason, circuit lead lengths should be held to a minimum. 
Lead lengths associated with external compensation or pass transistor elements are of 
primary concern. These components, especially, should be located as close as possible 
to the regulator control circuit. In addition to affecting a regulator’s susceptibility to spurious 
oscillation, the layout of the regulator also affects its accuracy and performance. 

Input Ground Loop 

Improper placement of the input capacitor can induce unwanted ripple on the output 
voltage. Care should be taken to ensure that currents in the input circuit do not flow in 
the ground line that is in common with the load return. This would cause an error voltage 
resulting from the peak currents of the filter capacitor flowing through the line resistance 
of the load return. See Figure 40 for an illustration of this effect. 
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(b) LAYOUT ERROR CONTRIBUTIONS 
Figure 40. Circuit Layout Showing Error Contributions 

Output Ground Loop 

Similar in nature to the problem discussed on the input, excessive lead length in 
the ground return line of the output results in additional error. Because the load current 
flows in the ground line, an error equivalent to the load current multiplied by the line 
resistance (R30 will be introduced in the output voltage. 
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Remote Voltage Sense 

The voltage regulator should be located as close as possible to the load. This is true 
especially if the output voltage sense circuitry is internal to the regulator’s control device. 
Excessive lead length will result in an error voltage developed across the line resistance 
( R4 0. 

Vo = Vo(reg)-( R 2' + R 3 ' + R 4 ') IL + R^'lreg 
ERROR = Il( r 3 ' + R4 ') - Ireg R 2 ' 

If the voltage sense is available externally, the effect of the line resistance can be 
minimized. By referencing the low current external voltage sense input to the load, losses 
in the output line are compensated. Since the current in the sense line is very small, error 
introduced by its line resistance is negligible (Figure 41). 



REGULATOR 



Figure 41. Proper Regulator Layout 
Input Supply Design 

When the power source is an ac voltage, the transformer, rectifier, and input filter 
design are as important as the regulator design itself for optimum system performances. 
This section presents input supply and filter design information for designing a basic 
capacitor input supply. 

Transformer/Rectifier Configuration 

The input supply consists of three basic sections: (1) input transformer, (2) rectifier, 
and (3) filter as illustrated in Figure 42. The first two sections, the transformer and the 
rectifier, are partially dependent upon each other because the structure of one depends 
upon that of the other. The most common transformer configurations and their associated 
rectifier circuits are illustrated in Figure 43. 
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Figure 42. Input Supply 
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(b) SINGLE-PHASE CENTER-TAPPED FULL-WAVE 
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(c) SINGLE-PHASE FULL-WAVE BRIDGE 

Figure 43. Input Supply Transformer/Rectifier Configurations 
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The particular configuration used depends upon the application. The half-wave circuit 
[Figure 43(a)] is used in low-current applications. This is because the single rectifier diode 
experiences the total load current and its conversion efficiency is less than 50%. The full- 
wave configurations [Figure 43(b) and 43(c)] are used for higher current application. The 
characteristic output voltage waveforms of these configurations are illustrated in Figure 44. 


INPUT SIGNAL HALF-WAVE FULL-WAVE 

n_L fY\ 


Figure 44. Rectifier Output-Voltage Waveforms 



Before the input supply and its associated filter can be designed, the voltage, current, 
and ripple requirements of its load must be fully defined. The load, as far as the input 
supply is concerned, is the regulator circuit. Therefore, the input requirements of the 
regulator itself become the governing conditions. Because the input requirements of the 
regulator control circuit govern the input supply and filter design, it is easiest to work 
backwards from the load to the transformer primary. 

Capacitor Input Filter Design 


■ ■■ The most practical approach to a capacitor-input filter design remains the graphical 

approach presented by O.H. Schadel in 1943. The curves illustrated in Figures 45 through 
™ 48 contain all of the design information required for full-wave and half-wave rectifier 

circuits. 


Figures 45 and 46 illustrate the ratio of the dc-output voltage developed (Vc) to 
the applied peak input voltage (V(pk), as a function of ojCRl for half-wave and full- 
wave rectified signals, respectively. For a full-wave rectified application, the voltage 
reduction is less than 10% for coCRl > 10 and Rs/Rl < 0.5%. As illustrated, the voltage 
reduction decreases as coCRl increases or the Rs/Rl ratio decreases. Minimizing the 
reduction rate, contrary to initial impressions, may prove to be detrimental to the optimum 
circuit design. Further reduction requires a reduction in the series to load resistance ratio 
(Rs/Rl) for any given wCRl* This will result in a higher peak-to-average current ratio 


lO.H. Schade, “Analysis of Rectifier Operation”, Proc. IRE., VOL. 31, 343, 1943. 
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wCRl - C IN FARADS, R l IN OHMS, u> = 2 rrf, f = LINE FREQUENCY 


Figure 45. Relation of Applied Alternating Peak Voltage to Direct Output 
Voltage in Half-Wave Capacitor-Input Circuits 
(From O.H. Schade, Proc. IRE , Vol. 31, p. 343, 1943) 
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FULL-WAVE 



cjCR l - C IN FARADS, R|_ IN OHMS, to = 2 ni, f = LINE FREQUENCY 


Figure 46. Relation of Applied Alternating Peak Voltage to Direct Output 
Voltage in Full-Wave Capacitor-Input Circuits 
(From O.H. Schade, Proc. IRE , Vol. 31, p. 344, 1943) 


through the rectifier diodes (see Figure 47). In addition, and probably of more concern, 
this increases the surge current experienced by the rectifier diodes during turn-on of the 
supply. It is important to realize that the surge current is limited only by the series resistance 
RS- 

■surge - 
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■f (PEAK 



n = 1 (FOR HALF-WAVE SINGLE PHASE RECTIFIER CIRCUITS) or C IN FARADS 

n = 2 (FOR FULL-WAVE SINGLE PHASE RECTIFIER CIRCUITS) R L IN OHMS 

w = 2 rrf = LINE FREQUENCY R s = RMS EQUIVALENT 

SOURCE RESISTANCE 


Figure 47. Relation of RMS and Peak-to-Average Diode Current 
in Capacitor-Input Circuits 

(From O.H. Schade, Proc. IRE , Vol. 31, p. 345, 1943) 


In order to control the surge current, additional resistance is often required in series 
with each rectifier. It is evident that a compromise must be made between the voltage 
reduction and the rectifier current ratings. The maximum instantaneous surge current is 
V(pk)/Rs. The time constant (r) of capacitor C is r = RsC. As a rule of thumb, the 
surge current will not damage the diode if: IsURGE < lF(SURGE)max and r < 8.3 ms 
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Figure 48 illustrates the relationships between the ripple factor rf, coCRl, and Rs/Rl* 
The ripple factor is the ratio of the rms value of the ripple component of the output voltage, 
expressed as a percent of the nominal dc output voltage. 




0.4 0.7 1 2 4 7 10 20 40 70 100 200 400 700 1000 2000 

o>CR L -C IN FARADS, Rl IN OHMS, oj = 2nf,f = LINE FREQUENCY 


Figure 48. Root-Mean-Square Ripple Voltage for Capacitor-Input Circuits 
(From O.H. Schade, Proc. IRE , Vol. 31, p. 346, 1943) 



Low Drop-Out Voltage Regulator Design Considerations 


Low drop-out (LDO) regulators have increased in popularity during the past five 
years. This design consideration discusses the special requirements that LDO applications 
users should consider to obtain optimum operations. 


The LDO regulator design is characterized by a large geometry PNP output transistor 
that is used to conduct the power from input to output. This configuration places the collector 
at the output while reducing the overhead voltage required to drive the output transistor. 
Since the output impedance of the collector is several thousand ohms, a high open loop 
gain must be maintained to reach the necessary MQ requirements of a voltage regulator. 
In addition, the high-impedance collector reactive-load elements can introduce low- 
frequency-phase shifts and control-loop instability. The LDO control loop is designed to 
accept a minimum capacitive loading (approximately 10 fiF) for complete stablization for 
the low-power LDO (TL750LXX series) regulators. The medium-power regulators 
TL750MXX series introduced additional requirements because of the wide range of 
restistive loading (5 Q to infinity) that have resulted in a broad frequency swing in loop- 
phase shift and restrictions in the value of the load capacitor. Some assumptions have been 
made on the range of the Equivalent Series Resistance (ESR) the load capacitor should 
exhibit in certain applications. The ESR would cancel the phase shift at some of the higher 
frequencies and allow the regulator design to have internal fixed-stability compensation. 
This compensation allows the load capacitor value to vary from the minimum to a greater 
than value. The assumed ESR is approximately 0.5 Q (polarized solid tantalum to be used 
in this range) derived from studies of the ESR of the standard available capacitors at the 
minimum value. Actual response curves for the TL750MXX series are shown in Figure 49. 
To justify these assumptions, the following conditions must be stated: 



1. The ESR of the capacitor is directly related to the application (wiring 

resistance of regulator and load increases the ESR). 

2. The loop will become unstable if the ESR is forced too low. 

3. The stability will improve with an increase in load-capacitor value. 


Caution must be exercised in some medium-power LDO applications that require 
stable regulation over a large load range because mV-level oscillations may be exhibited 
at the higher load-resistance ranges. To eliminate the oscillations, a larger capacitor value 
(approximately 100-/*F maximum) should be selected or the ESR value should be increased 
(to approximately 2 Q). The circuit bandwidth is decreased by the larger value capacitor 
and the loop bandwidth is increased with the higher ESR. This provides a faster transient 
load response and offsets some of the loss from the capacitor ESR. 
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(a) TYPICAL LOAD TRANSIENT RESPONSE 


EQUIVALENT SERIES RESISTANCE OF OUTPUT CAPACITOR 


vs 



AIl —Load Current Range —A 
(b) ESR vs LOAD CURRENT 

Figure 49. Typical Response Curves for the TL750MXX Series 
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Thermal Considerations in Design of Power Supplies 
Introduction 

Power supply circuit designers place emphasis on suppressing transients, improving 
regulation, and increasing efficiency, yet concentrate minimum effort toward thermal 
considerations and packaging of the power supply. Serious efforts must be given to thermal 
design and packaging to minimize power supply failures in the field. If sufficient attention 
is given to the important parameters supplied by the semiconductor manufacturers (e.g., 
maximum junction temperature, junction-to-case, and junction-to-ambient thermal 
resistance), proper heat removal can be achieved. Thermal resistance is the temperature 
difference between two points divided by the power dissipation, normally stated in °C/W. 

The reference temperature can be the ambient temperature or the temperature of a heat 
sink that the integrated circuit (IC) package is attached to. 

Heat can be transferred from the transistor or integrated circuit package by three 
methods; conduction, convection, and radiation. 

Conduction is transmission of energy by a medium not involving movement of the 
medium itself. This method is predominate in junction to the case or from the case to 
a heat sink heat transfer from the semiconductor. Length, cross-section, and temperature 
differential of the medium are key parameters that determine conduction. 

Convection is transmission of energy or mass by a medium involving movement 
of the medium itself. This method predominates in the transfer of heat from the case to 
ambient or a heat sink to ambient. Surface conditions, convecting fluids, velocity, and p 
temperature difference are dominant factors in convection. 

Radiation is the emission and propagation of waves transmitting energy through space 
or some medium. This method is important in heat transfer from the cooling-fin surface 
of a heat sink. Thermal emissivity, surface-area, and temperature difference between 
radiating and adjacent mediums are key factors that determine radiation. 

Basic Thermal Circuit and Symbols 

Figure 50 illustrates the various heat flow paths, temperatures, and thermal resistances 
of a steady-state thermal model using a KC package with formed leads. A popular concept 
is to display this thermal model as a network of series resistors as shown on Figure 51, 
comparing the thermal circuit analogy to an electric circuit. Extending this Ohm’s-law 
concept of this thermal circuit, temperature is analogus to voltage and thermal resistance 
to ohmic resistance. Inspection of Figure 51 will provide an expression for: 

Tj = Ta + Pd(R0JC + R0CS + R0SA) (1) 

or Tj = Ta + Pd(R0JA) f° r a regulator without external heat sink 
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where 


Tj = junction temperature in °C 
Ta = ambient air temperature in °C 
RfljC = thermal resistance, junction-to-case in °C/W 
R0CS = thermal resistance, case-to-heat sink °C/W 
R0SA = thermal resistance, heat sink-to-ambient in °C/W 
R0JA = thermal reaistance, junction to ambient °C/W 
PD = power dissipated by semiconductor device in W 




The junction-to-ambient thermal resistance R0JA can be expressed as a sum of thermal 
resistances listed below: 

R0JA = R0JC +R0CS + R0SA (2) 

Equation 2 is applicable only when an external heat sink is used. If only a mounting 
(internal) heat sink is used, or the device does not have a heat sink, the R0JA is equal 
to the R0 ja specified on the product data sheet. R0jc normally will be given on the data 
sheet also, and the junction-to-case thermal resistance is a function of the material, and 
size of the package, die area and thickness, and integrity of the die bond to the case, lead 
frame, or chip carrier. R0CS depends on the package, heat-sink-interface (mounting of 
the regulator to the heat sink) area, and integrity of the contact surface. Typical values 
for R0CS f° r different packages are shown in Table 1. 
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P D (POWER-W) 

Atj, junction temperature 

T Tj > Tc 
< R 0JC 

T c , CASE TEMPERATURE A 

T c > T s I 

R #CS< 


At s , heat-sink temperature 
I T S > T A 

< r #sa 

t a , ambient TEMPERATURE 1 
(REFERENCE TEMPERATURE) U 

Figure 51. Basic Semiconductor Heat Sink Steady State Thermal Circuit 
Table 1. RflCS for Different Types of Packages and Mounting Conditions fS 


PACKAGE 

METAL TO 

METAL 

METAL-TO-METAL WITH 

THERMAL COMPOUND 

CONTACT WITH MICA WASHER 
AND THERMAL COMPOUND t 

TO-3 

0.52 °C/W 

0.14°C/W 

0.36 °C/W 

KC 

(TO-220) 

1.1 °C/W 

1.0°C/W 

1.7 °C/W 


"•"Typical values extracted from heat-sink manufacturer's curves 


The R0SA found on the heat sink data sheets depends on the attributes of the heat 
sink and the ambient conditions. Convection and radiation are heat flow methods affecting 
the heat sink to ambient thermal resistance. 
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Typically, the ambient temperature (Ta), maximum junction temperature (Tj), power 
dissipation (Pd), thermal resistance from junction-to-case (R0JC), and thermal resistance 
from junction to ambient air (R#JA) are known. To ensure safe operations of any 
semiconductor, the device junction temperature must be maintained below the maximum 
value given on the product data sheet. As with any semiconductor component, these devices 
have thermal and electrical limitations that must be adhered to if desired performance and 
service time are to be achieved. In addition, improved reliability can be obtained by selecting 
conservative operating procedures and thermal ranges. Normally, the electrical and thermal 
characteristics are interrelated with the actual operating ranges that are heavily dependent 
on the component application. 

Thermal Design Examples 

The following examples are given to illustrate the design procedure in: 

1. Ascertaining the maximum allowable power dissipation of a semiconductor 
device 

2. Determining the maximum junction-to-ambient air temperature (TAmax) using 
a mounting (internal) heat sink, or regulator without internal heat sink 

3. Selecting an external heat sink by calculating the heat sink-to-ambient thermal 
resistance (R0SA)- 



To ascertain the maximum allowable power dissipation of a semiconductor device, 
use equation 3: 


_ Tjmax - Ta 
R0JA 

150 °C - 75 °C 
D 121.95 °C/W 


0.62 W 


(3) 


where 

Tjmax = 150 °C (design limit) 

Ta = 75 °C 

RfljA = 1/derating value = 1/8.2 mW/°C (DW package) = 121.95 °C/W 
Tjmax = Ta + Pd(R0JC + R0CS + R0SA) 

To ascertain the maximum Ta for an uA78M12C regulator with an internal heat 
sink, use equation 4: 

Tj = Ta + Pd(R0JA) (4) 

ta = Tj - Pd(R0ja) 

Ta = 125 - (0.8 X 62.5) 

Ta = 75 °C 
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where 


P D = 0.8 W 
Tj = 125 °C 

R0JA = 1/derating factor =1/0.016 = 62.5 °C/W 

Derating factor of KC (TO-220) package is 16 mW/°C (from uA78M12C data 
sheet) 

To ascertain the heat sink-to-ambient thermal resistance (R0SA) for selection of 
external heat sink using the uA7915C regulator, the heat sink should be mounted metal- 
to-metal using thermal compound. 


R0SA = Tj p p TA _ R wc - R0CS (5) 

125 - 75 

R0SA = 3 - 4 - 1 = 11.7°C/W 

where 

PD = 3 W 
Tj = 125 °C 
Ta = 75 °C 

R#JC = 4°C/W (from the uA7915C data sheet) 

R0CS = 1 °C/W from Table 1 (KC or TO-220 case). 

R0JA = Tj Pp TA = R0JC + R0CS + R0SA 

A Thermalloy 7019 or Staver V3-5 heat sink will meet the desired requirements 
(see Table 3). 



Table 2. Available Heat Sinks for TO-3 Packages 


R#SA RANGE* 
°C/W 

MANUFACTURER* 

STAVER 

THERMALLOY 

3 to 5 

V3-5-2 

6004,6053,6054,6214,6216 

5 to 8 

V3-3-2 

6002, 6003, 6015, 6016, 

6052, 6060, 6061, 6213 

8 to 13 

VI -3, VI -5,V3-3,V3-5,V3-7-96 

6001, 6013, 6014, 6051 


^All values are typical as determined from characteristic curves received from manufacturers. 
*This table is a representative of two heat sink manufacturers, many others are available. 
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Table 3. Available Heat Sinks for KC (TO-220) Packages 


RflSA RANGE* 
°C/W 

MANUFACTURER* 

STAVER 

THERMALLOY 

3 to 5 

V3-5-2 

6072/6071 

5 to 8 

V3-3-2 

6072, 7021, 7025 

8 to 13 

V3-3, V3-5 

6021, 6030, 6032, 7019, 7020 


All values are typical as determined from characteristic curves received from manufacturers. 
*This table is a representative of two heat sink manufacturers, many others are available. 



General Suggestions for Efficient Thermal Management 

Suggestions are as follows: 

1. Place regulator components away from heat-dissipating components and mount 
hardware in an area that provides a good heat-dissipation path for the regulator. 

2. For applications requiring electrical insulation of the heat-sink from the 
regulator use a thin (0.003 inch) mica washer. A thermal lubricant must be 
placed on both sides of the washer. 

3 . If a heat sink with fins is used with the regulator, align the fins in a vertical 
plane for a more efficient transfer of heat. 

4. Select heat sink with a mounting surface that has a finish and flatness 
comparable to the regulator package. Use thermal compounds to minimize 
voids, scratches, and imperfections between the mating surfaces. Use of 
thermal compounds with an insulating washer is more significant than with 
a metal-to-metal contact. 


5 . Attach regulator heat sink to the regulator before soldering and mounting on 
the PC board. Maximum lead temperatures are 260 °C for ten seconds with 
plastic packages or 300 °C for sixty seconds for cermanic packages at a distance 
of 1/16th inches from case. 


Conclusion 


Thermal considerations in the design of power supplies are straight-forward, and 
with emphasis on heat reduction and conservative operating techniques, more efficient 
and reliable designs will be realized. The design parameters are normally under the control 
of the circuit designer and, with compromises, the variables can be controlled to achieve 
a product that will experience fewer failures in the field. On the other hand, if the thermal 
design considerations are overlooked or minimized, many of the power supply failures 
in the field may result from an inadequate thermal design approach. 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to or 
to discontinue any semiconductor product or service identified 
in this publication without notice. Tl advises its customers to 
obtain the latest version of the relevant information to verify, 
before placing orders, that the information being relied upon is 
current. 

Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl's standard warranty. Testing 
and other quality control techniques are utilized to the extent Tl 
deems necessary to support this warranty. Unless mandated by 
government requirements, specific testing of all parameters of 
each device is not necessarily performed. 

Tl assumes no liability for Tl applications assistance, customer 
product design, software performance, or infringement of patents 
or services described herein. Nor does Tl warrant or represent that 
any license, either express or implied, is granted under any patent 
right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or 
process in which such semiconductor products or services might 
be or are used. 
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Introduction 


Modem electronic equipment usually requires one or more dc power sources. The 
usual method of supplying dc power is a power supply which converts ac power to dc 
power. The two types of dc power supplies in common use are classified by the type of 
regulator employed; linear regulator and switching regulator. 

Linear power supplies consist of a power transformer, rectifier and filter circuits, and 
a linear regulator. Switching power supplies do not require line transformers; the ac input 
is rectified and filtered, chopped by a high frequency transistor switch/transformer 
combination, then rectified and filtered again. 

Switching power supplies have been used for some time in the military and space 
industry due to their smaller size and higher efficiency. In 1975, switching power supplies 
were more cost effective than linear power supplies from approximately the 500-W power 
level. Now the breakeven point is down to approximately 5 W. 


Basic Operation of Switching Regulators 


Figure 1 is a block diagram of a typical switching power supply which consists of 
four basic circuits: 

1. Input rectifier and filter 

2. High frequency inverter 

3. Output rectifier and filter 

4. Control circuit. 



The ac line voltage is applied to an input rectifier and filter circuit. The dc voltage 
output from the rectifier and filter circuit is switched to a higher frequency (typically 
25 kHz to 100 kHz) by the transistor switch in the high frequency inverter circuit. This 
circuit contains either a high frequency transformer or inductor, depending on the output 
voltage required. 

Output from the high frequency inverter circuit is applied to the output rectifier and 
filter circuit. The circuit is monitored and controlled by the control circuit which attempts 
to keep the output at a constant level. 
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25-100 kHz 


DC 


50-60 Hz 


oci _n_ 



The control circuit consists of an oscillator driving a pulse-width modulator, an error 
amplifier, and a precision voltage reference. The error amplifier compares the input 
reference voltage with a sample of the voltage from the output rectifier and filter circuit. 
As the load increases, the output voltage drops. The error amplifier senses this drop and 
causes the pulse-width modulator to remain on for a longer period of time, delivering 
wider control pulses to the transistor switch. 

The width of the pulse determines how long the transistor switch allows current to 
flow through the high frequency transformer and, ultimately, how much voltage is 
available at the output. If the load decreases, narrower control pulses are delivered to the 
switching transistor until the output voltage remains at a constant value. 

Advantages of a Switching Regulator 

The primary advantages of switching regulators are higher efficiency and smaller 
size. Conventional linear series and shunt regulators operate in a continuous conduction 
mode, dissipating relatively large amounts of power. The efficiency of linear regulators is 
typically around 40% to 50%. When the input-to-output voltage differential is large, the 
resultant efficiency is much lower than 40%. 
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Switching regulators have typical efficiencies of 60% to 90%; much higher than 
either the linear series or shunt regulator. Switching regulators achieve their higher 
efficiency as a result of three factors: 

1. The power-transistor switch is always turned completely on or off, except 
when it is switching between these two states, resulting in either low voltage 
or low current during most of its operation. 

2. Good regulation can be achieved over a wide range of input voltage. 

3. High efficiency can be maintained over wide ranges in load current. 

Switching regulators use the on-off duty cycle of the transistor switch to regulate the 
output voltage and current. By using a frequency much higher than the line frequency 
(typically 20 kHz to 500 kHz), the transformers, chokes, capacitors, and other filter 
elements can be made smaller, lighter, and less costly. The smaller elements used in 
switching regulators result in smaller power losses than the larger components used in 
linear regulators. The highest cost elements of a switching power supply are the transistor 
switches. The remaining costs, in descending order, are due to the magnetic components, 
capacitors, and rectifiers. 

Disadvantages of a Switching Regulator 

Switching regulators can generate some electromagnetic and radio frequency 
interference (EMI/RFI) noise due to high switching currents and short rise and fall times. 
EMI/RFI noise, which is generated at higher frequencies (100 kHz to 500 kHz), is easily _ 
filtered. In those applications where a large series impedance appears between the supply ^ 
and the regulator, the rapid changes in current also generate a certain amount of noise. 
These problems may be overcome or significantly reduced by one or more of the 
following steps: 

1. Reducing the series impedance 

2. Increasing the switching time 

3. Filtering the input and output of the regulator. 

Switching regulators with a fixed frequency are easier to filter than regulators with a 
variable frequency because the noise is at only one frequency. Variable frequency 
regulators with a fixed “on” time increase or decrease the switching frequency in 
proportion to load changes, presenting a more difficult filtering problem. 
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Basic Switching Regulator Architecture 

There are three basic switching regulator configurations from which the majority of 
present day circuits are derived: 

1. Step-down or “buck” regulator 

2. Step-up or “boost” regulator 

3. Inverting or “flyback” regulator (which is a variation of the “boost” 
regulator). 

The Step-Down Regulator 

Figure 2 illustrates the basic step-down or “buck” regulator. The output voltage of 
this configuration is always less than the input voltage. In the buck circuit, a 
semiconductor switch is placed in series with the dc input from the input rectifier/filter 
circuit. The switch interrupts the dc input voltage providing a variable-width pulse to a 
simple averaging LC filter. When the switch is closed, the dc input voltage is applied 
across the filter and current flows through the inductor to the load. When the switch is 
open, the energy stored in the field of the inductor maintains the current through the load. 
In the buck circuit, peak-switching current is proportional to the load current. The output 
voltage is equal to the input voltage times the duty cycle. 

V 0 = V[ x Duty Cycle 




Figure 2. Step-Down or “Buck” Switching Regulator Circuit 


The Step-Up Regulator 

Another basic switching regulator configuration is the step-up or “boost” regulator 
(Figure 3). In this type of circuit, the output voltage is always greater than the input 
voltage. The boost circuit first stores energy in the inductor and then delivers this stored 
energy along with the energy from the dc input voltage to the load. When the switch is 
closed, current flows through the inductor and the switch, charging the inductor but 
delivering no current to the load. When the switch is open, the voltage across the load 
equals the dc input voltage plus the charge stored in the inductor. The inductor discharges, 
delivering current to the load. 
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Figure 3. Step-Up or “Boost” Switching Regulator Circuit 


The peak switching current in the boost circuit is not related to the load current. The 
power output of a boost regulator can be determined by the following equation: 


p U2f 

Pout = — 


where: 


Pout = power output 
L = inductance 
I = peak current 
f = operating frequency 

The Inverting Regulator 

The third switching regulator configuration is the inverting or “flyback” regulator, mm 
This circuit is a variation of the step-up or “boost” circuit discussed previously. The ^ 
flyback circuit is illustrated in Figure 4. Flyback regulators, which evolved from “boost” 
regulators, deliver only the energy stored by the inductor to the load. This type of circuit 
can step the input voltage up or down. When the switch is closed, the inductor is charged, 
but no current is delivered to the load because the diode is reverse biased. When the switch 
is open, the blocking diode is forward biased and the energy stored in the inductor is 
transferred through it to the load. 



Figure 4. Inverting or “Flyback” Switching Regulator Circuit 
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The flyback circuit delivers a fixed amount of power to the load regardless of load 
impedance. It is widely used in photo flash, capacitor-discharge ignition circuits, and 
battery chargers. 

To determine the output voltage of an electronic equipment supply, the load (RjJ 
must be known. If the load is known, the output voltage may be calculated using the 
following equation: 

v 0 = VpqrT= I 


where: 


Vq = voltage output 
P 0 — power out 
Rl = load resistance 
I = inductor current 
f = operating frequency 


The inductor current is proportional to the “on time” (duty cycle) of the switch and 
regulation is achieved by varying the duty cycle. However, the output also depends on the 
load resistance (which was not true with the step-down circuit). 



Transient response to abrupt changes in the load is difficult to analyze. Practical 
solutions include limiting the minimum load and using the proper amount of filter 
capacitance to give the regulator time to respond to this change. Flyback type circuits are 
used at power levels of up to 100 W. 

Forward Converters 


The forward converter family, which includes the push-pull and half-bridge circuits, 
evolved from the step-down or “buck” type of regulator. A typical forward converter 
circuit is illustrated in Figure 5. When the transistor switch is turned on, the transformer 
delivers power to the load through diode D1 and the LC filter. When the switch is turned 
off, diode D2 is forward biased and maintains current to the load. 

Without the third winding and diode D3, the converter would lose efficiency at 
higher frequencies. The function of this winding is to return energy stored in the 
transformer to the line and reset the transformer core after each cycle of operation. This is 
a popular low-power (up to about 200 W) converter and is almost immune to transformer 
saturation problems. 
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Figure 5. Forward Converter Switching Regulator 


Push-Pull Converter 


The push-pull converter is probably one of the oldest switching regulator type 
circuits. It was first used in the 1930s with mechanical vibrators functioning as the switch. 
When transistors became available, push-pull converters were used as free-running 
oscillators in the primary of many automobile communication converters. Some 
recreational vehicles still use this free-running type of oscillator converter in dc-to-dc 
converters as well as in dc-to-ac inverters. A typical push-pull converter circuit is shown 
in Figure 6. 




Half-Bridge Converter 

The most popular type of high-power converter is the half-bridge circuit illustrated 
in Figure 7. The half-bridge converter has several advantages over the push-pull circuit. 
First, the midpoint between the capacitors (point A) can be charged to Vi/2. This allows 
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the use of transistors with lower breakdown voltage. Second, because the primary is driven 
in both directions (push-pull), a full-wave rectifier and filter are used which allows the 
transformer core to be more effectively utilized. 



Figure 7. Half-Bridge Converter Circuit 


Full-Bridge Converter 

In contrast to the half-bridge, the full-bridge (or H-Bridge) converter uses four 
transistors as shown in Figure 8. In a full-bridge circuit, the diagonally opposite transistors 
_ (Q1/Q2 or Q3/Q4) are turned on during alternate half cycles. The highest voltage any 

™ transistor is subjected to is Vj, rather than 2 X Vj as is the case in the push-pull converter 

circuit. The full-bridge circuit offers increased reliability because less voltage and current 
stress is placed on the transistors. The disadvantage of this circuit is the space required by 
the four transistors and the cost of the two additional transistors. 



Figure 8. Full-Bridge Converter Circuit 
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TL493 Floppy Disk Power Supply 

The TL493 incorporates, on a single monolithic chip, all the functions required for a 
pulse-width modulation control circuit. The TL493 is similar to the TL594, from which it 
was derived, except that the TL493 includes a current-limit amplifier instead of a second- 
error amplifier. 

The current-limit amplifier of the TL493 has an offset voltage of approximately 
80 mV in series with the inverting input (pin 15). This makes it easier to design the 
current-limit portion of the power supply and also requires fewer components. With 
80 mV on the inverting input, it is only necessary to apply an 80-mV control voltage to the 
noninverting input (pin 16). This is easily accomplished by taking the voltage across a 
resistor in series with the load. 

The floppy disk power supply schematic is shown in Figure 9. The power supply 
uses a pair of TIP34 p-n-p transistors in a push-pull configuration. The oscillation 
frequency is set at 25 kHz and — 5 V at 500 mA by the .01-|xF capacitor on pin 5 and the 
5-kfl resistor on pin 6. 
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The center connection of the two 5.6-kfl resistors on pins 13 and 14 establishes a 
2.5-V reference voltage on pin 2, which is the inverting input of the voltage control error 
amplifier. The voltage feedback to pin 1, the noninverting input, comes from the center 
connection of the two 5.6-kfl resistors located on the 5-V/2.5-A power supply output 
terminal. Because this voltage supplies the logic circuits, it requires closer regulation. 

The 24-V winding, on the other hand, is not critical as it furnishes voltage for the 
stepping motor. The — 5-V supply is regulated separately with a uA7905 three-terminal 
regulator. In choosing components for this circuit, the same precautions taken in the 
construction of any switching power supply should be observed; be careful of layout, 
ground loops, and heatsinking of the power transistors. In the output section, where high- 
frequency rectifiers are needed, either Schottky or fast recovery diodes should be used. 
For output capacitors, low equivalent series resistance (ESR) types should be considered. 
The output ripple depends more on this resistance than on the capacitor value. 

Transformer Construction 

The transformer for this circuit was wound on a toroid core. The core used was 3C8 
ferrite material (F-42908-TC). The winding layout is shown in Figure 10. 



20 V 
INPUT 



4 
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12 


} 


26 VDC @ 2.5 A 


6 VDC @ 2.5 A 


> 


9 VDC @ 0.5 A 


Figure 10. Transformer Winding Layout 


Transformer Winding Data 

Primary A + B = 20 turns bifilar #20 HNP 
Secondary C + D = 28 turns bifilar #20 HNP over A + B 
Secondary E + F = 6 turns bifilar #20 HNP over C + D 
Secondary G + H = 10 turns bifilar #26 HNP over E + F 
NOTE: All windings to be center tapped. 
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DC Resistance 


Winding 1 - 3 = 0.11 H 
Winding 4 - 6 = 0.11 ft 
Winding 7 - 9 = 0.025 O 
Winding 10 - 12 = 0.15 O 


TL594 12-V to 5-V Step-Down Regulator 


The TL594 switching voltage regulator operates as a step-down converter in a 
discontinuous mode. When the output current falls below a specified minimum value, the 
inductor current becomes discontinuous. The advantages of a step-down converter in this 
mode of operation are: 


1. The ripple voltage at the output can be kept low, even in high-current designs. 

2. The ratio of peak current in the switching device to output current is 
determined by the inductor value and is typically low. For a specific output 
current requirement, the current rating for the switching transistor can be 
lower than for a transistor operating in a continuous mode. 

3. Pulse-width modulation occurs with input voltage variations. Load variations 
are compensated for by modulation of the dc current level in the inductor, as 
well as by pulse-width modulation. This allows high efficiency to be 
maintained over the entire load range (from I 0 max to I 0 min). 

The disadvantages of this type of converter are: 

1. The size of the inductor used may result in a high-inductance value. 

2. Transient response is impaired by high-inductance values. 

3. Although peak current in the rectifier is reduced, losses due to reverse 
recovery current are increased. 



The complete circuit for the TL594 step-down regulator is shown in Figure 11. For 
this application, the two switching transistors operate in phase with each other by 
grounding the output control, pin 13. The switching transistors supply input to the 
inductor, L for part of the oscillator cycle. For the remaining part of the oscillator cycle, 
the voltage across the inductor reverses and diode D1 starts conducting, maintaining 
current flow in the inductor while the transistors are off (see Figure 12). 
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2.2 mH. (0.4A) 




(a) INDUCTOR VOLTAGE 


(b) INDUCTOR CURRENT 


(c) PULSE WIDTH 
W MODULATED SIGNAL 



0 -—- 

(b) INDUCTOR CURRENT 


ON' . - . — i ■ . 1 I 

'OFF'- ■■ — I L 

(c) PULSE WIDTH MODULATED SIGNAL 


Figure 12. 12-V to 5-V Series Switching Regulator Waveforms 
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The input supply through R1 to pin 12 is decoupled by capacitor C2. Capacitor C4 
filters the output voltage. The timing components C3 and R6 set the oscillator frequency 
to 15 kHz. The 2.2-mH inductor can be made on an RM7 ferrite core with 94 turns of #28 
transformer wire. 

Output-current limiting of 500 mA is provided by sensing the overcurrent level with 
Rll and feeding the resultant error voltage to the positive input of the current error 
amplifier on pin 16. The negative input to this error amplifier is biased to 500 mV from 
reference divider R2, R3, and R4. This resistor network also furnishes about 2.3-V bias to 
the voltage control error amplifier. An output error voltage signal is taken from the 
junction of R7 and R8 and fed to the positive input of the voltage control error amplifier. 
The voltage control loop gain is set by feedback resistor R5. 

Specifications 

Input Voltage 
Output Voltage 
Output Ripple 
Output Current 
Output Power 
Short Circuit Protection 
Efficiency 

The TL594 Control Circuit 

The TL594 is a fixed frequency pulse-width-modulation control for switching power 
supplies and voltage converters. The TL594 includes an adjustable oscillator, a pulse- 
width modulator, and an error amplifier. Additional functions include over-current 
detection, independent dead-time control, a precision 5-V reference regulator, and output 
control logic which allows single-ended or push-pull operation of the two switching 
transistors. Figure 13 shows a block diagram of the TL594. 

Modulation of the output pulses is accomplished by comparing the sawtooth 
waveform created by the internal oscillator on timing capacitor Cj to either of two control 
signals. The output stage is enabled when the sawtooth voltage is greater than the voltage 
of the control signal. See Figure 14. As the control signals increase, the output pulse 
width decreases. The control signals are derived from two sources: the dead-time control 
and the error amplifiers. The dead-time comparator has a fixed offset of 10 mV which 
provides a preset dead time of about 5%. This is the minimum dead time that can be 
programmed with pin 4 grounded. 


12 V nominal (10 V to 15 V) 
5 V ± 10% 

50 mVpp 
400 mA 

2 W at 5-V output 
500-mA constant current 
typically 70% 
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PIN ASSIGNMENT 


PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 



1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


ERROR AMP. 1, NONINVERTING INPUT 9. 

ERROR AMP. 1, INVERTING INPUT 10. 

COMPENSATION INPUT 11. 

DEAD TIME CONTROL INPUT 12. 

OSCILLATOR TIMING CAPACITOR 13. 

OSCILLATOR TIMING RESISTOR 14. 

GROUND 15. 

DRIVE TRANSISTOR 1, COLLECTOR 16. 


DRIVE TRANSISTOR 1. EMITTER 
DRIVE TRANSISTOR 2, EMITTER 
DRIVE TRANSISTOR 2, COLLECTOR 
INPUT SUPPLY 
OUTPUT MODE CONTROL 
STABILIZED REFERENCE VOLTAGE 
ERROR AMP 2, INVERTING INPUT 
ERROR AMP 2, NONINVERTING INPUT 


Figure 13. TL594 Block Diagram 



RESULTANT OUTPUT PULSE WITH 

PIN 3 VOLTAGE AS ABOVE PIN 13 WIRED FOR 

SINGLE ENDED OPERATION 


Figure 14. Output Pulses vs Sawtooth Control Voltage 
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The pulse-width-modulation (PWM) comparator generates the control difference 
signal created by the input from either of the error amplifiers. One error amplifier is used 
to monitor the output voltage and provide a change in control signal voltage. The other 
error amplifier monitors the output current and its change in control voltage provides 
current limiting. 

Reference Regulator 

The internal 5-V reference at pin 14 provides a stable reference for the control logic, 
pulse-steering flip-flop, oscillator, dead-time-control comparator and pulse-width- 
modulation circuitry. It is a band-gap circuit with short circuit protection and is internally 
programmed to an accuracy of ± 5%. 

Oscillator 


The internal oscillator provides a positive sawtooth waveform to the dead-time and 
PWM comparators for comparison with the various control signals. The oscillator 
frequency is set by an external timing capacitor and resistor on pins 5 and 6. The oscillator 
frequency is determined by the equation: 


f()SC — - (single-ended applications) 

RxCx 


The oscillator frequency is equal to the output frequency only for single-ended 
applications. The output frequency for push-pull applications is one-half the oscillator 
frequency as shown by the equation: 

foSC = ~ „ (push-pull applications) 

2 RrfCx 



There is a frequency variation of ± 5% between devices due to internal component 
tolerances. The oscillator charges the external timing capacitor, Cx, with a constant 
current which is determined by the external timing resistor, Rq\ This circuit produces a 
linear ramp voltage waveform. When the voltage across the timing capacitor reaches 3 V, 
the circuit discharges and the charging cycle is initiated again. 


Dead-Time and PWM Comparators 


Both the dead-time and PWM comparator functions use a single logic comparator 
with parallel input stages. The comparator output is a pulse-width-modulated signal, 
whose width is determined by comparison with the oscillator ramp waveform. The 
comparator outputs drive the output control logic. A fixed 100-mV offset voltage input to 
the dead-time comparator allows a minimum dead time between output pulses to be 
maintained when the dead-time control input (pin 4) is grounded (Figure 15). 
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4 -90% -» 


OSCILLATOR RAMP, PIN 5 

MAXIMUM OUTPUT PULSE WIDTH 
SINGLE ENDED OPERATION, PIN 4 = 0 V 

Figure 15. Deadtime Comparator Operation 


The full range of pulse-width control (0% - 90%) is available when the dead-time 
control voltage (pin 4) is between 3.3 V and 0 V. The relationship between control voltage 
and maximum output pulse width is essentially linear. A typical application for this may 
be in a push-pull converter circuit where overlap of the conduction times of power 
transistors must be avoided. 



The PWM comparator input is coupled internally to the outputs of the two error 
amplifiers. This input is accessible on pin 3 for control loop compensation. The output 
pulse width varies from 90% of the period to zero as the voltage present at pin 3 varies 
from 0.5 V to 4.5 V (Figure 14). 

Error Amplifiers 


Both error amplifiers are high-gain amplifiers which operate as single-ended, 
single-supply amplifiers, in that each output is active high only. This allows each amplifier 
to pull up independently for a decreasing output pulse-width demand. With the outputs 
ORed together, the amplifier with the higher output level dominates. The open-loop gain 
of these amplifiers is 60 dB. Both error amplifiers exhibit a response time of about 400 ns 
from their inputs to their outputs on pin 3. Figure 16 shows the amplifier transfer 
characteristics and a Bode plot of the gain curves. 


Output Logic Control 


The output control logic interfaces the pulse-width modulator to the output stages. 
In the single-ended mode (both outputs conducting simultaneously), the pulse-width- 
modulated signal is gated through to both output stages when the output control (pin 13) is 
connected to ground. 


4-84 


4 


v O 


3 

2 

1 

0 



0 10 20 
V in (mV) 


AMPLIFIER TRANSFER CHARACTERISTICS 



AMPLIFIER BODE PLOT 


Figure 16. Amplifier Performance Curves 

For push-pull operation (each output stage conducting alternately), the output 
control (pin 13) is connected to the internal reference voltage (pin 14) enabling the pulse 
steering flip-flop. The flip-flop is toggled on the trailing edge of the pulse-width- 
modulated signal gating it to each of the outputs alternately; therefore, the switching 
frequency of each output is one-half the oscillator frequency. The output control (pin 13) 
must never be left open. It may be connected to the internal voltage reference (pin 14) or 
ground (pin 7). 



The Output Driver Stages 


The two identical Darlington output drivers may be operated in parallel or push-pull 
mode. Both the collector and emitter terminals are available for various drive 
configurations. VcE(sat) of each output at 200 mA is typically 1.1 V in common-emitter 
configuration and 1.5 V in common-collector configuration. These drivers are protected 
against overload but do not have sufficient current limiting to be operated as current 
source outputs. 


4-85 


Design Considerations 



Design Considerations 


Soft Start 

Use of a soft-start protection circuit is recommended. This circuit prevents current 
surges during power-up and protects against false signals which might be created by the 
control circuit when power is applied. Implementing a soft-start circuit is relatively simple 
using the dead-time control input (pin 4). Figure 17 shows an example. 

Initially, capacitor Cs forces the dead-time control input to follow the internal 5-V 
reference which disables both outputs (100% dead time). As the capacitor charges through 
Rs, the output pulse width increases until the control loop takes command. 


TYPICAL VALUE 
1.0 m f -►Cs^ 


TYPICAL VALUE 
<100 kn —► Rs 


-0 




i 


VreF 

TL494 

DEAD-TIME CONTROL 


Figure 17. Soft-Start Circuit 


Overvoltage Protection 

The dead-time control input (pin 4) also provides a convenient input for over-voltage 
protection, which may be sensed as an output voltage condition, or input voltage 
protection as shown in Figure 18. 


MONITORED SUPPLY RAIL 



Figure 18. Overvoltage Protection Circuit 
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A TL431 is used as the sensing element. When the monitored supply rail voltage 
increases to the point that 2.5 V is developed across R2, the TL431 conducts, Q1 becomes 
forward biased, and the dead-time control is pulled up to the reference voltage which 
disables the output transistors. 

Designing a Power Supply 5-V/10-A Output 
Design Objective 

This design uses the TL594 integrated circuit based on the following parameters: 

V 0 = 5 V 
Vj = 32 V 
I 0 = 10 A 

f = 20 kHz switching frequency 
Vr = 100 mV peak-to-peak (V r jppi e ) 

AIl = 1.5 A inductor current change 

Input Power Source 

The 32-V dc-power source for this supply uses a 120-V input, 24-V output 
transformer rated at 75 VA. The 24-V secondary winding feeds a full-wave bridge rectifier 
followed by a 0.3-12 current limit resistor and two filter capacitors, as shown in Figure 19. 


BRIDGE 




The output current and voltage are determined by the following equations. 
V rectifier = V secondary X V2~ = 24 V X V2~ = 34 V 

I rectifier(avg) = X Iq = x 10 A ~ 1.6 A 


The 3-A/50-V full-wave bridge rectifier meets these calculated conditions. 
Figure 20 illustrates the switching and control section. 
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TL494 50 WATT POWER SUPPLY[5 V @ 10A OUTPUT] 




Control Circuits 
Oscillator 

The TL594 oscillator frequency is controlled by connecting an external timing 
circuit consisting of a capacitor and resistor to pins 5 and 6. The oscillator is set to operate 
at 20 kHz using the component values calculated by the following equations. 

f = —— 

RjCj 
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where: 


Rt = Value of timing resistor 
Ct = Value of timing capacitor 

Choose Ct = 0.001 pF and calculate Rj. 


1 f x C T 20 X 103 x 0.001 X 10-6 
Error Amplifier 

The error amplifier compares a sample of the 5-V output to a reference and adjusts 
the pulse-width modulator to maintain a constant output as shown in Figure 21. The 
TL594’s internal 5-V reference (pin 14) is divided to 2.5 V by R3 and R4. The output 
voltage error signal is also divided to 2.5 V by R8 and R9. If the output must be regulated 
to exactly 5 V, a 10-kll potentiometer may be used in place of R8 to provide an adjustment 
control. To increase the stability of the error amplifier circuit, the output of the error 
amplifier is fed back to the inverting input through R7, reducing the gain to 100. 




Figure 21. Error Amplifier Section 
Current Limit Amplifier 

The power supply was designed for a 10- A load current and an II swing of 1.5 A; 
therefore, the short circuit current should be 

Isc = lo + J = 10.75 A 

The current limit portion of the circuit is shown in Figure 22. Resistors R1 and R2 
set a reference of about 1 V on the inverting input of the current limit amplifier. Resistor 
Rll, in series with the load, applies 1 V to the noninverting terminal of the current limit 
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amplifier when the load current reaches 10 A. The output-pulse width will be reduced 
accordingly. The value of Rll is calculated as follows: 

1 V 

Rll = -V- = 0.1 fl 
10 A 



Figure 22. Current Limit Circuit 
Soft Start and Dead Time 

To reduce stress on the switching transistors at startup, the startup surge which 
occurs as the output filter capacitor charges must be reduced. The availability of the dead¬ 
time control makes implementation of a soft-start circuit, as shown in Figure 23, relatively 
simple. 

The “soft-start” circuit allows the pulse width at the output to increase slowly, as 
H shown in Figure 23, by applying a negative slope waveform to the dead-time control input 
(pin 4). Initially, capacitor C2 forces the dead-time control input to follow the 5-V 
reference regulator, which disables the outputs (100% dead time). As the capacitor charges 
through R6, the output-pulse width slowly increases until the control loop takes 
command. With a resistor ratio of 1:10 for R6 and R7, the voltage at pin 4 after startup will 
be 0.1 X 5 V or 0.5 V. 

The soft-start time is generally in the range of 25 to 100 clock cycles. If we select 50 
clock cycles at a 20-kHz switching rate, the soft-start time is calculated as follows: 

T = i = — j-— = 50 jjls per clock cycle 

I KflZ 

The value of the capacitor is then determined by 

ri - soft start time _ 50 fxs x 50 cycles _ 9 s p 
R6 “ 1 kfl 

This helps to eliminate any false signals which might be created by the control 
circuit as power is applied. 
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Figure 23. Soft-Start Circuit 



Inductor Calculations 

The switching circuit used is shown in Figure 24. The size of the inductor (L) 
required is calculated as follows: 

Vn 5 V 

d = Duty Cycle = = 0156 

f = 20 kHz (Design Objective) 
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t on = time on (SI closed) = - x d = 7.8 fxs 

t 0 ff = ti me °ff (SI open) = - — to n = 42.2 p,s 

T ^(Vi-Vo) X W _ (32 V- 5 V) X 7.8 _ 

L - — A[L L5A 1404 ^ 

L « 140 fxH 


INDUCTOR CALCULATIONS 
L 



Figure 24. Switching Circuit 


Output Capacitance Calculations 



Once the filter inductance has been calculated, the value of the output filter capacitor 
is calculated to meet the output ripple requirements. An electrolytic capacitor can be 
modeled as a series connection of an inductance, a resistance, and a capacitance. To 
provide good filtering, the ripple frequency must be far below the frequencies at which the 
series inductance becomes important; so, the two components of interest are the 
capacitance and the effective series resistance (ESR). The maximum ESR is calculated 
according to the relation between the specified peak-to-peak ripple voltage and peak-to- 
peak ripple current. 


ESR(max) = 


AVq (ripple) _ 0-1 V 
All 1.5 A 


0.067 n 


The minimum capacitance of C3 necessary to maintain the Vo ripple voltage at less 
than the 100-mV design objective was calculated according to the following equation. 


C3 = 


AIl 

8 fAV 0 


_ 1.5 A _ 

8 x 20 x 103 x 0.1 V 


= 94 |xF 


A 220-jxF, 60-V capacitor is selected because it has a maximum ESR of 0.074 fl and 
a maximum ripple current of 2.8 A. 
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Transistor Power Switch Calculations 


The transistor power switch was constructed with a TIP30 p-n-p drive transistor and 
a TIP73 n-p-n output transistor. These two power devices were connected in a p-n-p hybrid 
Darlington circuit configuration as shown in Figure 25. The hybrid Darlington must be 
saturated at a maximum output current of Io + AIl/ 2 or 10.8 A. The Darlington h FF at 
10.8 A must be high enough not to exceed the 250-mA maximum output collector current 
of the TL594. Based on published TIP30 and TIP73 h FF specifications, the required 
power switch minimum drive was calculated by the following equations to be 108 mA. 

hpE(Ql) at I C of 1.2 A = 10 


h FE (Q2) at I C of 12.0 A = 10 


io + 


ai l 


IB 


h F E(Q2) x hpE(Ql) 


^ 108 mA 


The value of R10 was calculated by the following equation. 

^ Vi - (Vbe(QI) + Vce(TL594)) _ 32 - (1.3 + 0.7) 

R1 ° 85 m Oos 


R10 ^ 277 O 




Figure 25. Power Switch Section 


4-93 


Design Considerations 





Design Considerations 


Used on these calculations, the nearest standard resistor value of 270 fl was selected 
for RIO. Resistors Rll and R12 permit the discharge of carriers in the switching transistors 
when they are turned off. The power supply described demonstrates the flexibility of the 
TL594 pulse-width-modulation control circuit. This power supply design demonstrates 
many of the power supply control methods provided by the TL594 as well as the versatility 
of the control circuit. 


TL497A Switching Voltage Regulator 

The TL497A is a fixed-on-time, variable-frequency voltage regulator controller. The 
block diagram of the TL497A is shown in Figure 26. The on-time is controlled by an 
external capacitor connected between the frequency control pin (pin 3) and ground. This 
capacitor, Cx, is charged by an internal constant-current generator to a predetermined 
threshold. The charging current and threshold vary proportionately with Vcc thus, the 
on-time remains constant over the allowable input voltage range. 




COL OUT 


EMIT OUT 


CATHODE -M 




(7) 


ANODE 


t"The Base pin (#11) and Base Drive pin (#12) are used for device testing only. They are not normally 
used in circuit applications of the device. 


Figure 26. TL497A Block Diagram 

The output voltage is controlled by two series resistors in parallel with the supply 
output. The resistance ratios are calculated to supply 1.2 V to the comparator input (pin 1) 
at the desired output voltage. This feedback voltage is compared to the 1.2-V bandgap 
reference by the high-gain error amplifier. When the output voltage falls below the desired 
voltage, the error amplifier enables the oscillator circuit, which charges and discharges Cx 


The n-p-n output transistor is driven “on” during the charging cycle of Cx- The 
internal transistor can switch currents up to 500 mA. It is current driven to allow operation 
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from either the positive supply voltage or ground. An internal diode matched to the current 
characteristics of the output transistor is included on the chip and may be used for blocking 
or commutating purposes. 

The TL497A also contains current-limiting circuitry which senses the peak currents 
in the switching regulator and protects the inductor against saturation and the output 
transistor against overstress. The current limit is adjustable and is set by a single-sense 
resistor between pins 13 and 14. The current-limit circuitry is activated when 0.5 V is 
developed across current-limit resistor Rcl- 


Rcl l 



(a) 

STEP DOWN 
POS - POS 


( + ) Vi> ( + ) Vo 


r cl l 



POS - POS 

( + Vo> ( + ) V I 


Rcl l 



INVERT 
POS - NEG 
V+ - V- 



Figure 27. Basic Power Supply Configurations 
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The TL497A contains all the active elements required for constructing a single- 
ended dc-to-dc converter. The output transistor and the rectifier are uncommitted allowing 
maximum flexibility in the choice of circuit configuration. The TL497A’s primary feature 
is design simplicity. Using six external components; three resistors, two capacitors, and 
one inductor, the step-up, step-down, and inverting power supplies shown in Figure 27 
may be constructed. 

STEP-DOWN STEP-UP INVERTING 

POS POS POS POS POS -> NEG 

+ Vi > +Vo +Vo > +VI + Vj; > -V 0 

Step-Down Switching Regulator 

The circuit in Figure 28(a) illustrates the basic configuration for a step-down 
switching regulator. When switch SI is closed, the current in the inductor and the voltage 
across the capacitor start to build up. The current increases while switch SI is closed as 
shown by the inductor waveform in Figure 28(b). The peak current in the inductor is 
dependent on the time SI is closed (to n ). 

When SI opens, the current through the inductor is I p k. Since the current cannot 
change instantaneously, the voltage across the inductor inverts, and the blocking diode 
(Dl) is forward biased providing a current path for the discharge of the inductor into 
the load and filter capacitor. The inductor current discharges linearly as illustrated in 
Figure 28(b). 



(b) INDUCTOR CURRENT WAVEFORM 


Figure 28. Step-Down Switching Regulator 

For the output voltage to remain constant, the net charge delivered to the filter 
capacitor must be zero. The charge delivered to the capacitor from the inductor must be 
dissipated in the load. Since the charge developed in the inductor is fixed (constant on- 
time), the time required for the load to dissipate that charge will vary with the load 
requirements. It is important to use a filter capacitor with minimal ESR. Note, however, 
some ripple voltage is required for proper operation of the regulator. Figure 29 shows a 
positive, step-down configuration both with and without an external pass transistor. 
Design equations for calculating the external components are included. 
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BASIC CONFIGURATION 
(IpK <500 mA) 



EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 
DESIGN EQUATIONS 


• IpK = 2 l LO AD max 

Vi - Vq 

• L (/uH) = ---y t on (/us) 

>PK 

Choose L (50 to 500 /uH), calculate 
t on (20 to 150 /us) 


• Cj(pF) » 12 t on (/us) 

• R1 = (Vq — 1.2) kn 


r CL 

c f = 


0.5 V 
•PK 

2 

OpK ~ 1 LOAD) 
Cripple* 2 'PK 


X 


ton V| 
VQ 


Figure 29. Positive Regulator, Step-Down Configurations 



4-97 


Design Considerations 



Design Considerations 


Step-Up Switching Regulator 

In the step-up regulator, the formulas change slightly. During the charging cycle 
(SI closed), the inductor (L) is charged directly by the input potential. The peak current 
is not related to the load current as it was in the step-down regulator because, during the 
inductor charge cycle, the blocking diode D1 is reverse biased and no charge is delivered 
to the load. 

The circuit in Figure 30(a) delivers power to the load only during the discharge cycle 
of the inductor (SI open). The diode (Dl) is forward biased and the inductor discharges 
into the load capacitor. Figure 31 shows a positive, step-down configuration both with and 
without an external pass transistor. Design equations are included. 



(a) BASIC STEP-UP REGULATOR CIRCUIT 


(b) INDUCTOR CURRENT WAVEFORM 
Figure 30. Step-Up Switching Regulator 



Inverting Configuration 

The inverting regulator is similar to the step-up regulator. During the charging cycle 
of the inductor, the load is isolated from the input. The only difference is in the potential 
across the inductor during its discharge. This can best be demonstrated by a review of the 
basic inverting regulator circuit (Figure 32). 


During the charging cycle (SI closed), the inductor (L) is charged only by the input 
potential, similar to the step-up configuration. In the inverting configuration, the input 
provides no contribution to the load current during the charging cycle. The maximum load 
current for discontinuous operation will be limited by the peak current, as observed in the 
step-up configuration. The inductor current waveform looks identical to the waveform 
demonstrated in the step-up configuration [see Figure 30(b)]. 

Figure 33 shows the inverting applications both with and without an external pass 
transistor. Design equations are also included. Note that in the inverting configuration, the 
internal diode is not used. An external diode must be used because pin 4 (substrate) must 
be the most negative point on the chip. The cathode of the internal diode is also the cathode 
of a diode connected to the substrate. When the cathodes are at the most negative voltage 
in the circuit, there will be conduction to the substrate resulting in unstable operation. 
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(IpK <500 mA) 



(USING EXTERNAL TRANSISTOR) 


DESIGN EQUATIONS 


• IPK = 2 ILOAD max 1 

V, 

• L (mH) = -— t on (jus) 

•PK 

Choose L (50 to 500 /uH), calculate 
t on (25 to 150 ms) 



• CjlpF) « 12 t on ( ms) 


• R1 = (Vq - 1.2) kSl 






r CL = 


0.5 V 
•PK 


dpK - 'load) 2 

(Vripple) 2 lp K 


X 


Ion V| 
VQ 


Figure 31. Positive Regulator, Step-Up Configurations 
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Design Considerations 

An oscilloscope is required when building a switching regulator. When checking the 
oscillator ramp on pin 3, the oscilloscope may be difficult to synchronize. This is a normal 
operating characteristic of this regulator and is caused by the asynchronous operation of 
the error amplifier to that of the oscillator. The oscilloscope may be synchronized by 
varying the input voltage or load current slightly from design nominals. 

High frequency circuit layout techniques are imperative. Keep leads as short as 
possible and use a single ground point. Resistors R1 and R2 should be as close as possible 
to pin 1 to eliminate noise pick-up in the feedback loop. The TL497A type of circuits do 
not need “hi-Q” inductors. They are, in fact, not desirable due to the broad frequency 

g range of operation. If the “Q” is too high, ringing will occur. If this happens, a shunt 
resistor (about 1-kfl) may be placed across the coil to damp the oscillation. 

While not necessary, it is highly desirable to use a toroidal inductor as opposed to a 
cylindrically wound coil. The toroidal type of winding helps to contain the flux closer to 
the core and in turn minimize radiation from the supply. All high current loops should be 
kept to a minimum length using copper connections that are as large as possible. 
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(USING EXTERNAL TRANSISTOR) C 

O 

DESIGN EQUATIONS O 


V|J 


• 'PK = 2 ILOAD max 


• L (juH) = —!• t on (ms) 
•PK 


Choose L (50 to 500 mH), calculate 
t on (25 to 150 ms) 


• Cj(pF) « 12 t on ( ms) 

• R2= (V 0 - 1-2) kH 
0.5 V 


• Rcl=' 


•PK 


C - (lpK Z l LQAD ) v *on Vl 
F (V ripple ) 2 lp K V 0 

Figure 33. Inverting Applications 


c 

W 

“35 

a> 

D 
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A Step-Down Switching Regulator Design 
Exercise with TL497A 

The schematic of a basic step-down regulator is shown in Figure 34. This regulator 
will have the following design goals: 

Vi = 15 V 

V 0 - 5 V 

Iq = 200 mA 

Vripple = < 1.0% or 50 mV (1.0% X 5 V) 

Calculations: 

IpK = 2 II max = 400 mA 



Figure 34. Basic Step-Down Regulator 

For design margin, Ipk will be designed for 500 mA which is also the limit of the 
internal pass transistor and diode. 

IpK = 500 mA 

The next step will be to select to n . You may select a timing capacitor to match an 
inductor you may already have. You may also assume an on-time and calculate the 
inductor value. We will assume an on-time of 20 |xs. 
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ton — 20 fxs 

L(fjiH) = Vl ~ V ° X ton m-s = 15 * 5 x 20 = 400 (xH 
IpK 0.5 

L = 400 (jlH 

To set the TL497A for 5-V output: 

R2 = 1.2 kfl (fixed) 

R1 = (5 - 1.2) kfl = 3.8 kfl 


To set current limiting: 


Rcl 

Rcl 


05 

II 

i n 


0.5 

500 x 10-3 


1 fl 


For the on-time chosen, Cx can be approximated: 


C T (pF) - 12 ton |xs 
Cx = 240 pF 

or it may be selected from a table in the data sheet. 


To determine filter capacitor (Cp) for desired ripple voltage: 

= dPK ~ IL) 2 x tonVj 
F (Vripple) 2 I PK V 0 

c = (0.5 - 0.2)2 20 X 10-6 x 15 

F (0.05) 2 X 0.5 5 


108 |xF 



We selected Cp to be 120 (jlF, the next higher standard value. Figure 35 illustrates the 
regulator with the calculated values applied to it. 

A 150-(xF filter capacitor may be used as a prefilter as well as a 0.01-jjlF disc 
capacitor to take care of any transients on the incoming Vj rail. For peak currents greater 
than 500 mA, it is necessary to use an external pass transistor and diode. Such a technique 
is illustrated in Figure 36, which is an automotive power supply. With a 12-V battery, this 
step-down regulator supplies 5 V at 2 A. 

Figure 37 illustrates a basic step-up regulator. This design steps up the output 
voltage from 5 V to 15 V. The equations for determining the values of the external 
components are provided in Figure 31. 
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Design and Operation of an Inverting Regulator Configuration 

Figure 38 illustrates a basic inverting regulator designed to have -5-V output with 
+ 5-V input using the design equations in Figure 33. 

Conditions: 


Vi = 5 V 


V 0 = -5 V 

Iq = 100 mA 


^ripple 

Calculations: 


IPK 

IPK 


Assume t on 
C T(pF) 
Ct 


1.0% or 50 mV (1% x 5 V) 

2 iL(max) (l + 1 -yj—1 ) 

400 mA (for design margin use 500 mA) 
20 ps 
12 tgj) |XS 
240 pF 


L = 


Vl 

IPK 


_5_ 

0.5 


x 20 = 200 pH 


To set the output voltage: 

R2 = 1.2 kfl 

R1 = (5 - 1.2) kO = 3.8 k(l 


To set the current limiting: 


Rcl 

r cl 

Cf 


0.5 

IPK 

i n 


H = 1 

0.5 


(IPK ~ I L ) 2 x W Vi 
(Vripple) 2 IpK V 0 
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To determine C filter for desired ripple voltage: 

c _ (IPK ~ { L) 2 x W Xl 
(Vripple) 2 I PK I V 0 | 

(0.5 - 0.1)2 20 X 10-6 x 5 

(0.05)2 X 0.5 | -5 | 

Cp = 64 p,F (nearest standard value = 68 |iF) 




Figure 38. + 5-V to - 5-V Switching Regulator 
Adjustable Shunt Regulator TL430 - TL431 


The TL430 and TL431 are three-terminal “programmable” shunt regulators. The 
devices are basically the same except the TL431 contains a diode connected between the 
emitter and collector of the output transistor. The standard symbol and block diagram are 
shown in Figure 39. 


The circuit consists of a bipolar operational amplifier driving an n-p-n transistor. 
The reference on the TL430 is a band-gap reference (not temperature compensated). The 
TL431 has a true-temperature compensated band-gap reference and is more stable and 
accurate than other shunt regulators. The TL431 also has a diode across the emitter- 
collector of the n-p-n output transistor. If the cathode goes negative, the diode conducts 
around the transistor, emulating the performance characteristics of a normal zener diode. 
The basic operating characteristics are shown in Figure 40. 
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TL430 - TL431 


CATHODE 


(a) SYMBOL 


CATHODE 



TL431 ONLY 


(b) BLOCK DIAGRAM 

Figure 39. TI430/TL431 Adjustable Shunt Regulators 

TL430, TL431 PROGRAMMABLE ZENERS 




TEMPERATURE COMPENSATED 


LOW DYNAMIC IMPEDANCE 


VOLTS/DIV 


200 ppm/°C 


100 ppm/°C 


TYPICAL V ref i.bUMr 

REGULATES FROM 1.0 - 100 mA OVER 2 75 V 
ADJUSTABLE VOLTAGE RANGE _ 


Figure 40. Basic Operating Characteristics 
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Their excellent thermal stability make these devices extremely attractive as a 
replacement for high-cost, temperature-compensated zeners. As seen in Figure 41, the 
TL431 offers improved characteristics, even at low voltages. Since the TL431 operates as 
a shunt regulator, it can be used as either a positive or negative voltage reference. The 
TL431 has an equivalent full-range temperature coefficient of 50 ppm/°C (typical) and has 
low output noise voltage. Note in the graph (Figure 41) that for a nominal 2.495-V 
reference the curve is essentially flat from 0°C to 70°C. Depending upon the zener 
voltage, the TL431 also has an extremely low dynamic impedance of about 0.2 fl, 
compared to a standard zener diode’s dynamic impedance of about 30 to 60 O. 

A 2.5-V reference voltage is developed across R2 as shown in Figure 42. I re f, the 
current input at the reference terminal, is about 10 pA. To maintain a steady reference, it 
is advisable to allow 1 mA of current flow through series resistors R1 and R2. This will 
assure a stable reference voltage independent of I re f variations. The TL431 is available in 
either the commercial temperature range of 0° - 70°C or the military temperature range of 
-55° to +125°C. 



P _ Vi - (V be + V 0 ) 

R -5 

R = 32^J2i 24) = 600!! 
10 mA 

v 0 = (l + fi) Vref 

R1 = 21.4 kD 
R2 = 2.5 kfi 


The circuit in Figure 43 uses a TL431 as a regulator to control the base drive to a 
TIP660 series pass transistor. For good reference stability, a current flow of about 1 mA 
(I 2 ) though the resistor divider is recommended. A 2.5-V reference voltage is developed 
across R2, and R1 will develop a voltage drop of 21.5 V. The Darlington power transistor 
is used because of the reduced base drive requirement of the TIP660 which has a Vb e 
(max) of about 2 V. The hpE at 2.5-A Ic is about 1000, so it would only require about 2.5 
mA of base drive to produce 2.5 A of output current. In calculating the value of the current 
limit resistor, R3, we assume about 7.5 mA of current through the TL431. The value of 
R3, therefore, would be 600 fl and the current about 10 mA, so a 1/2-W resistor will 
suffice. This is a simple method of designing a medium output current power supply using 
only four components plus the series pass transistor. 
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Figure 41. Reference Input Voltage vs Ambient Temperature 



v z 


TL431 


V 2 -V„, [i.jg] 
V ref - 2.5 V 


Figure 42. Basic Operational Circuit 
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TIP660 



Shunt Regulator Applications (Crowbar) 

To protect solid-state electronic equipment from overvoltage due to a power-supply 
component failure, it is sometimes desirable to use a “crowbar” circuit. When a preset 
voltage is exceeded, the TRIAC turns on, shorting the output and blowing the fuse on the 
input side of the crowbar circuit. The circuit in Figure 44 is set to trip when Vo reaches 
27 V. When that occurs, the reference voltage should be 2.5 V which turns on the TL431, 
thus biasing the SCR low. This turns the SCR on and immediately blows the safety fuse on 
the circuit input, thus protecting the equipment using this power supply. 
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Controlling Vo of a Fixed Output Voltage Regulator 

Sometimes, it is necessary to have a regulated output voltage different from that for 
which the regulator is designed. This may be accomplished with any three-terminal 
regulator, although it should be noted that the lowest obtainable voltage will be 2.5 V for 
the TL431 plus the voltage of the three-terminal regulator. In the circuit in Figure 45, the 
lowest possible regulated voltage would be 7.5 V (2.5 V for the TL431 + 5 V for the 
7805). This particular circuit provides 9-V output using a uA7805 three-terminal 
regulator. 

Note: Minimum Vq = V re f + 5 V 

V 0 = (> + I) v «f 



NOTE: MINIMUM V 0 - V re f + 5.0 V 

Figure 45. Fixed Output Shunt Regulator 

Current Limiter 



Figure 46 is an example of a current limiter designed to limit the current from a 12-V 
supply to 1.5 A using a TIP31 n-p-n transistor as the pass element. The value of R1 is calculated 
from the equation in Figure 46. The current through R1 is split almost equally in this circuit, 
with about 30 mA going to the TL431, and 30 mA for base drive to the TIP31. With a current 
load of 6 mA and an R1 value of 128 O, a 1/2-W resistor is sufficient. When the voltage 
across the current limit resistor (Rcl) reaches 2.5 V (TL431 reference voltage), the base 
drive to the TIP31 is reduced and the output current is limited to 1.5 A. 


ni _ Vi - (V be + Vrcl) _ 12 - (1.8 + 2.5) _ 

R1 - Ty -0.06 " 128 ° 


Rcl 


Ym = 15V 
I L 1-5 A 


1.7 ft 
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TIP31 



Voltmeter Scaler 

The circuit in Figure 47 is a voltmeter scaler (or multiplier) to extend the range of a 
0- to 10-V voltmeter to 40 V. Most multiplier circuits extend the range with 0 V being the 
low reading on any given scale. This circuit actually divides the 40-V total range into 
4 separate 10-V scales. 

With the selector switch in position #1, the reference input of the TL431 is bypassed 
and the TL431 does not influence circuit operation. The meter is effectively connected 
directly to the voltage being measured. This scale would be the normal meter range of 
0 to 10 V. 



SWITCH 

POSITION 

1 

2 

3 

4 

METER 

RANGE 

VOLTS 

0-10 

10 20 

20-30 

30-40 


Figure 47. Voltmeter Scaler 
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When in position #2, a 75-kfl and a 25-kfl resistor are added in series across the 
anode and cathode of the TL431. The voltmeter will remain near zero until the input 
reaches 10 V. At this time, there is 2.5 V between the reference terminal and anode which 
causes the voltmeter to start reading at 10 V. It will continue reading on this scale until it 
reaches full scale, which is 20 V. 

This sequence is repeated in 10-V steps until position #4 is reached. This circuit is 
very useful when expanded-scale voltmeter multiplication is required. The precision of the 
scaler depends upon the accuracy of the resistors. 

Voltage-Regulated, Current-Limited Battery Charger 
for Lead-Acid Batteries 

There are a number of approaches to recharging lead-acid batteries. Many will 
return the battery to service, but fail to fully rejuvenate the battery. To keep a battery fully 
charged, and attain maximum battery life, proper charging techniques must be observed. 

The status of a cell is determined by the specific gravity of the electrolyte solution. 

A specific gravity of 1.280 (obtained by hydrometer reading) indicates a fully-charged 
cell. A reading of 1.250 or better is considered good. A fully-discharged cell exhibits a 
specific gravity of 1.150 or less. 

Battery Charger Design 

The battery charger design shown in Figure 48 is based on a charging voltage of 
2.4 V per cell, in accordance with most manufacturers’ recommendations. The battery K 
charger circuit pulses the battery under charge with 14.4 V (6 cells x 2.4 V per cell) at a 
rate of 120 Hz. 

The design provides current limiting to protect the charger’s internal components 
while limiting the charging rate to prevent damaging severely discharged lead-acid 
batteries. The maximum recommended charging current is normally about one-fourth the 
ampere-hour rating of the battery. For example, the maximum charging current for an 
average 44 ampere-hour battery is 11 A. 

If the impedance of the load requires a charging current greater than the 11-A 
current limit, the circuit will go into current limiting. The amplitude of the charging 
pulses is controlled to maintain a maximum peak charging current of 11 A (8 A average). 

The charger circuit is composed of four basic sections: 

1. Rectifier 

2. Voltage Regulator 

3. Current Limiting 

4. Series-Pass Element 
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D1 

T1 IN1184 



Figure 48. Current-Limited and Voltage-Regulated Battery Charger 


Rectifier Section 

A full-wave rectifier configuration with a center-tapped transformer (Figure 49) 
achieves maximum performance with minimum component count. The breakdown voltage 
requirement for the diode is: 

VR > Vsecondary(pk) - Vp(rectifier drop) 

.% VR > 20 X 2.8 - 1 = 55 V 

This design is set to current limit at 11 A, therefore, a rectifier rating of 25 A is 
recommended to handle the maximum current drain plus any current surges. A pair of 
1N1184 diodes was chosen (35-A/50-V rectifiers). 


4-114 








Figure 49. Full-Wave Rectifier Section of Circuit 


Voltage Regulator Section 


The components which make up the voltage regulator portion of the circuit are: Zl, 
Ql, Rl, R2 and Rb as shown in Figure 50. Zl is a TL431 programmable shunt regulator 
which serves as the control element, Ql is the pass transistor, and Rl - R2 sense the output 
voltage providing feedback to Zl. Rl and R2 are chosen so that their node voltage is 2.5 V 
at the desired output voltage. This node voltage is applied to the TL431’s error amplifier 
which compares it to the internal 2.5-V reference. 




Figure 50. Voltage Regulator Section of Circuit 
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When the feedback voltage is less than the internal 2.5-V reference, the series 
impedance (anode-to-cathode) of the TL431 increases, decreasing the shunt current 
through the TL431. This increases the current available to the base of pass transistor Ql, 
increasing the output voltage. When the feedback voltage is greater than the internal 2.5-V 
reference, the series impedance of the TL431 decreases, increasing the shunt current 
through the TL431. This decreases the current available to the base of Ql, decreasing the 
output voltage. Because the feedback voltage is sensed at the output, the TL431 will 
compensate for any changes in the base-emitter drop of Ql or the voltage dropped across 
Rcl f° r various currents. 

Current Limiter Section 

The components which make up the current-limit portion of this circuit are: Z2, Ql, 
and Rcl as shown in Figure 51. The value of the current-limit setting resistor, Rql> ls 
chosen so that 2.5 V will be developed across it at the desired limit current. The voltage 
across Rcl is sensed by a TL431 programmable shunt regulator (Z2). When the output 
current is less than the current limit, V re f is less than 2.5 V and Z2 is a high impedance 
which does not affect the operation of Ql. 

When the output current reaches maximum, V re f is 2.5 V and the impedance of Z2 
decreases, decreasing the current available at the base of Ql and controlling the maximum 
output current. Under this condition, shunt regulator Z2 takes control of pass transistor Ql 
and maintains a constant current, even into a short circuit. 
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Series Pass Element 

The series pass element used in this configuration is a conventional Darlington 
power transistor, whose control is derived from either Z1 or Z2 depending on the state of 
the battery being charged. See Figure 52. 

The performance characteristics of Q1 are important in determining the circuit 
design and in the choice of the transformer to be used. This relationship is shown in the 
following section on the design of the battery charger. 




Figure 52. Series Pass Element 


4-117 


Design Considerations 





Design Considerations 


Design Calculations 

The values of R1 and R2 set the output voltage level at 2.4 V per cell or 14.4 V for 
6 cells. For optimum performance of Zl, 1 mA should flow through the R1 and R2 
combination. 


Rl 4- R2 = 

14.4 V 

14.4 Ml 

1 mA 


R2 = 

2.5 V 

2.5 Ml 


1 mA 


Rl = 

14.4 Ml - 

2.5 Ml = 11.9 Ml 


For ease of final adjustment, a 20-kfi potentiometer may be used for Rl. 

Current limiting starts when 2.5 V is developed across Rcl at the desired current 
limit. For a 44-A hour battery, the maximum charge rate is 11 A. 

2 5V 

Rcl = f = 0.227 n 


The average current = 0.707 x 11 A = 1 .111 A or ~ 8A 
The average power dissipation = I^R = 8^ x 0.227 = 14.5 W 



After the pass transistor has been selected, its base drive resistor, Rb, may be 
calculated. A TIP642 meets the requirements. From the data sheet: 

h FE @ 11 A = 500 (min) 

Vce ^ 2 V 

Vbe = 1.6 V 

Pmax = 160 W @ 40°C TC 

Ib = 22 mA @ 11-A peak-collector current 


To calculate Rb, assume a worst case or short-circuit condition where: 


Rb 

Rb 


Vi ~ Vref ~ VbE(OI) 
Ib(Q1) + ISHUNT(Z2) 


27.28 - 2.5 - 1.6 
0.022 + 0.12 


= 163 fl 
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Rb must be small enough so that it does not limit the base current of Q1 at the 
desired IcHG of 8 A, but large enough to limit the current during short circuit conditions. 
This value should be less than the sum of the base drive current required by Q1 and 
ISHUNT(max) Z2. 

(Vi ~ 14-4 V - 2.5 V - Vbe(QD) 

B ICHG/hFE(QD 

27.28 - 14.4 - 2.5 - 1.6 
8/500 

r b “ S = 548 7 n 

A value of Rb within this range assures sufficient drive to Q1 for a charging rate of 
8 A, yet allows total control of Q1 by Z2 during short-circuit conditions. Rb was selected 
to be 200 fl. 

Power Dissipation and Heat Sinking 

To determine the power dissipation in the 1N1183 rectifier and the TIP642 
Darlington, the RMS currents and voltages must be calculated. The voltage and current 
paths are shown in Figure 53. 



V F(1) 




V CE(Q1) = V I “ V BATT “ Vrcl = 27.78 - 14.4 - 2.5 = 10.88 V 
V CE(Q1) = 10.9 V 

The transistor power dissipation is: 

PQ1 = I(RMS) x VcE(RMS) = (H A X 0.707)(10.9 V X 0.707) 
P Q 1 = (7.78 A) (7.7 V) 

P Q 1 = 59.9 W 
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The rectifier power dissipation is: 

P(RECT) = I(RMS) X V F = (7.78 A) (1.3 V) 

P(RECT) = 10.1 W total 

If the pass transistor and rectifiers are mounted on separate heat sinks, the sinks 
must be capable of dissipating the heat transferred by each device and maintain a surface 
temperature which satisfies the temperature requirement for each device. Mounted 
separately, the respective heat sink requirements are as follows: 


PASS TRANSISTOR RECTIFIERS 


RecA =£ 


150°C - 25°C 
59.9 W 


R©CA < 


140°C - 25°C 
10.1 W 


R0CA =£ 2.08°C/W R0CA < 11.4°C/W 

Depending on the mass of the heat sink and the type of cabinet, forced air cooling 
may be required. 


Voltage Supply Supervisor Devices 



Voltage supply supervisor devices deliver a digital output signal (high or low) if 
supply voltage (Vcc) fells below a predefined value. The digital output signal remains in 
its high or low state for a certain period of time (t delay) after Vcc returns to normal. 
These devices are used to sequentially initialize digital systems for proper operation at 
power-on or following a Vcc interruption. 

The versatility, few external components, and accurate threshold voltage of the 
TL7700 series make these devices easy to use in digital systems requiring Vcc line 
supervision. 


General Operation 


At power-on, digital systems must normally be forced into a definite initial state. In 
simple microcomputer and microprocessor applications, an RC network connected to the 
RESET input pin will generally suffice. However, in more complex systems, a discrete 
component design as illustrated in Figure 54 may be used. 


In this circuit, after Vcc reaches a specific value, defined by Zp>, the input voltage 
divider, and Vbe> the collector of Q2 becomes high and coupling capacitor Cl provides 
enough power to the RESET input pin of the digital system to execute the reset function. 

The major deficiency with this type of circuit is that after power-on and the system is 
operating, low Vcc conditions and short drops in Vcc ma Y not he recognized. A small 
decrease of Vcc below the recommended supply voltage can destroy the content of the 
memory and registers without activating the reset circuit. This may have catastrophic 
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consequences. Moreover, the circuit in Figure 54 contains an excessive number of 
components, one being Zp>, which has to be specially selected and is therefore relatively 
expensive. 



Several features are provided in larger computers to prevent some of the problems 
just mentioned. In some cases, the content of the memory is protected by a battery 
back-up. However, for most applications and in small microcomputer systems, these 
solutions are too expensive and generally not required. After any serious voltage drop, it is K 
usually sufficient to force the microcomputer into a defined initial condition. To 
implement this function, while preventing the problems previously mentioned, a chip with 
the following features is required: 

1. Accurate detection of a serious voltage drop 

2. Generation of a continuous reset signal while the supply voltage is not in the 
operational range to prevent undefined operations. 

3. Maintenance of the reset signal for a certain time after the supply voltage has 
returned to its nominal value to ensure a proper reset. 

TL77XXA Series Supervisor Chips 

A functional block diagram of the chip is illustrated in Figure 55. The most critical 
element of this chip is the reference voltage source, which consists of a very stable, 
temperature-compensated bandgap reference. An external capacitor (typically 0.1 (jlF) 
must be connected to the Reference (REF) voltage output to reduce the influence of fast 
transients in the supply voltage. The voltage at the SENSE INPUT pin is divided by 
resistors R1 and R2 and compared with the reference voltage. The divider is adjusted to 
achieve high accuracy at the probing operation during manufacture of the chip. 
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r - 1 




When the sensed input voltage is lower than the threshold voltage, the thyristor is 
triggered discharging the timing capacitor Op. It is also possible to fire the thyristor with a 
TTL logic level (active low) at the RESIN input. The thyristor is turned off again when the 
voltage at the SENSE INPUT (or RESIN input) increases beyond the threshold, or during 
short supply voltage drops when the discharge current of the capacitor becomes lower than 
the hold current of the thyristor. Capacitor Cj is recharged by a 100-fxA current source; 
the charge time is calculated as follows: 


td (internal time delay) = Op (1.3 x 10 4 ) 


A second comparator forces the output into the active state as long as the voltage at 
the capacitor is lower than the reference voltage. Figure 56 is a graph plotting Op versus 
td- The SENSE INPUT pin is connected to Vcc i n typical applications. Figure 57 shows 
the timing of the supply voltage and RESET signals. 

The minimum supply voltage for which operation is guaranteed is 3 V. Between 
POWER-ON (0 V) and 3 V, the state of the outputs is not defined. In practical 
applications, this is not a limitation because the function of the reset inputs of the other 
devices is not guaranteed at such supply voltages. 


Above 3 V, capacitor Op is discharged and the outputs stay in the active state. When 
the input voltage exceeds the threshold voltage, Vg, the thyristor is turned off and 
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capacitor Ct is charged. After a delay of t^, the voltage passes the trigger level of the 
output comparator and the outputs become inactive. The microcomputer is then set to a 
defined initial state and starts operation. 



c t (juF)» 

Figure 56. Graph for Calculation of Ct 




Operation During a Voltage Drop 

The thyristor is triggered when the supply voltage drops below the minimum 
recommended value. After the supply returns to its required value, the output stays in the 
active state for the duration of t^. 

The delay time, t^, is determined by the requirements of the computer system to be 
controlled. Typically, in TTL systems, a reset time of 20 to 50 ns is sufficient. 
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Microcomputers usually require a reset signal which lasts several machine cycles. The 
duration of the reset signal is dependent on the type of microcomputer, but is typically 10 
to 200 |xs. In most practical applications, t^ is determined by the characteristics of the 
power supply. 

During and shortly after power-on make sure voltage fluctuations do not repetitively 
reset the system. Delay times of 10 to 20 ns will usually prevent this problem. Four 
versions of this device are available: 



Threshold 

Voltage 

Vcc 

TL7702A 

2.53 V 

3.0 — 18.0 V 

TL7705A 

4.55 V 

5.0 V 

TL7712A 

10.8 V 

12.0 V 

TL7715A 

13.5 V 

15.0 V 


The TL7702A may be used in applications where Vcc voltages up to 18 V are used. 
The required trigger level (2.5 V) may be set with a resistor divider network at the SENSE 
INPUT pin. The TL7705A, TL7712A, and TL7715A have an internal resistor divider 
network and operate on 5 V, 12 V, and 15 V, respectively. 

TL77XXA Series Applications 

9 Since, for most applications, the devices are already adjusted to the appropriate 

voltage levels, these chips are easy to use. Figure 58 illustrates an undervoltage protection 
circuit for a TMS370 microcomputer system with a 5-V power supply. External 
components are the 0. l-|xF bypass capacitor at the REF terminal, which reduces transients 
from the supply voltage, and the Cj capacitor, which sets the time delay (t^). The 
TL7705A devices do not have internal pull-up (or pull-down) resistors. An external 10-kfl 
pull-up resistor is connected from the RESET pin to the 5-V Vcc to produce a high level. 
A similar application is illustrated in Figure 59. 

This circuit utilizes a TL7715A as a protection device for a TMS1000 
microcomputer system. The Cx and reference bypass capacitors are also used in this 
application. Note, however, the absence of the pull-up resistor used in Figure 58. This 
circuit has a required internal pull-down resistor at the INIT INPUT pin on the TMS1000 
microcomputer chip. 

In large systems, where several supply voltages are required (e.g., TMS8080, 
TMS9900), it is necessary to supervise all supply voltages that may cause dangerous 
conditions if a power failure or transient occurs. The circuit illustrated in Figure 60 uses 
two TL7712A devices to check the positive and negative 12-V supplies. A TL7705A is 
used to check a 5-V supply. 
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Figure 58. TL7705A in 5-V Microcomputer Application 


V S S = 15V 



Figure 59. TL7715A in TMS1XXXNLP Application 

The outputs of the two TL7712As are fed to the RESIN input of the TL7705A. The 
output of this device, a system-reset signal, becomes active when any one of the three 
supply voltages fail. The supply voltage supervisor devices were designed to detect very 
short voltage drops of 150 ns. In applications where this sensitivity is not required, 
the circuit may be delayed by adding an RC network ahead of the SENSE INPUT pin 
(Figure 61). To avoid influence on the threshold voltage of this input, the resistor should 
be less than 22 ft. The capacitor is then calculated to the required delay time 
(C d = t/R). 

Another application for the TL7705A is in battery-buffered memory systems. After 
a line-voltage failure, the content of the memory has to be protected against spikes on the 
write line. It is usually sufficient to switch the chip-select line into the inactive state; 
however, some memories also require that the write line be disabled. See Figure 62. 
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A switch, formed by transistor Q1 and diode D1, is inserted into the chip-select line 
of the memory. Under normal operation (line voltage present), the RESET output of the 
TL7705A is turned off (high), transistor Q2 is turned on, and transistor Q1 draws its base 
current through transistor Q2 and resistor R1. When the chip-select line is switched from 
high to low, transistor Q1 conducts and the CS input of the memory goes low. Because of 
the small dc load of resistor R2, the saturation voltage of the transistor is very small 
(typically 40 mV). When the chip-select line is switched high again, transistor Q1 is 
turned off and diode D1 conducts, charging the circuit capacitance. 

In case of a power failure, the TL7705A is triggered and its RESET output becomes 
low, turning off transistor Q2 and the base current to transistor Ql. In this way, the CS 
input of the memory is separated from the chip-select line. In some cases, it is also 
recommended that memory be disabled during the system reset with the RESIN input. 
This protects the memory content against spikes on the write line during this time. 



-► +12 V 


V CC 
|SENSE 

RESIIM RESET |>- 
TL7712A 
CT REF| 

GND 


C T 


o.i juF: 



Vcc 

SENSE 

>-0| RESIN RESET |0- 
TL7712A 

C T REF| 

GND 


► +5V 


, SYSTEM 
RESET 


0 V 


; 10 kn 


i:c T 


0.1 mF 


-> -12 V 


Figure 60. Voltage Supervision of a Multiple Power Supply 
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Vcc 


SYSTEM 

RESET- 



CHIP SELECT 



Figure 62. Circuit Diagram for Memory Protection 


uA723 Precision Voltage Regulator 

The uA723 monolithic integrated circuit voltage regulator is used extensively in 
power supply designs. The device consists of a temperature-compensated reference 
amplifier, an error amplifier, a 150-mA series-pass transistor, and current-limiting 
circuitry. See Figures 63 and 64 for the functional diagram and schematic. 


Additional external n-p-n or p-n-p pass elements may be used when output currents 
exceeding 150 mA are required. Provisions are made for adjustable current limiting and 
remote shutdown. In addition, the device features low standby current drain, low- 
temperature drift and high-ripple rejection. The uA723 may be used with positive or 
negative supplies as a series, shunt, or floating regulator. 
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Figure 63. uA723 Functional Block Diagram 


Vcc+ Vc 



INPUT 


Figure 64. uA723 Schematic 










When using an external series pass device, the 3-dB bandwidth of the uA723 must 
also be taken into consideration. Adequate uA723 compensation may be provided by 
connecting a 100- to 500-pF capacitor from the compensation terminal to the inverting 
input. Extra capacitance may be required at both the input and output of any power supply 
due to the inductive effects of long lines. Adding output capacitance provides the 
additional benefit of reducing the output impedance at high frequencies. 

Typical Applications 

The required output voltage and current limits for the applications shown in 
Figure 65 can be calculated from the equations given in Table 1. In all cases, the resulting 
resistor values are assumed to include a potentiometer as part of the total resistance. 
Table 2 affords a quick reference for many standard output voltage requirements. 


Table 1. Formulas for Output Voltages 

Outputs from 2 to 7 V 
[Figures 65(a), (e), (f)] 

v ° = V(re0 x RTTR2 


Outputs from 7 to 37 V 
[Figures 65(b), (d), (e), (f)] 


Vo = V( re f) X 


R1 + R2 
R2 


Outputs from — 6 to — 250 V 
[Figure 65(c)] 


v n =-!M x RL_+R2 
u 2 R1 


R3 = R4 


Current Limiting 


I(limit) = 


0.65 V 
R SC 


Foldback Current Limiting 
[Figure 65(f)] 

T _ VqR 3 + (R3 + R4)0.65 V 
A (knee) ^ D 4 


los 


0.65 V R3 + R4 

Rsc R4 
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C(ref) 



V CC+ 

v c 

OUT 

v (ref) 

v z 


CL 


CS 

NON- 

INV 

INV 

vcc- 

COMP 


R SC 


T 


REGULATED 
5 OUTPUT, Vq 


NOTES: A. R3 = • 


for minimum a\/0- 


B. R3 may be eliminated for minimum 
component count. Use direct con¬ 
nection (i.e., R 3 = 0). 


V| 



R1 • R2 

NOTES: A. R3 = - for minimum av/n. 

R1 +R2 


B. R3 may be eliminated for minimum 
component count. Use direct con¬ 
nection (i.e., R 3 = 0). 


(a) BASE LOW-VOLTAGE REGULATOR 
(Vq - 2 to 7 V) 


(b) 


R4 
3 kS2 




R3 = 
3 kS2 


Vcc + 

v c 

v (ref) 

OUT 

v z 


CL 


CS 

NON 

INV 

INV 

Vcc- 

COMP 




'CJ. 


REGULATED 
OUTPUT, V 0 


BASIC HIGH-VOLTAGE REGULATOR 
(Vq - 7 to 37 V) 



(c) NEGATIVE-VOLTAGE REGULATOR 


(d) 



REGULATED 
> OUTPUT, Vq 


POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL N-P-N PASS TRANSISTOR) 


V| 



(e) POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL P-N-P PASS TRANSISTOR) 


(f) FOLDBACK CURRENT LIMITING 


Figure 65. Typical Applications 
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Table 2. Resistor Values for Standard Output Voltages 


OUTPUT 

VOLTAGE 

(V) 

APPLICABLE 
FIGURE (65) 
SEE NOTE 1 

FIXED OUTPUT 

± 5% k n 

ADJUSTABLE 

OUTPUT 
± 10% kU 

R1 

R2 

R1 

PI 

R2 

+ 5.0 

a, e, f 

2.15 

4.99 

0.75 

0.5 

2.2 

+ 6.0 

a, e, f 

1.15 

6.04 

0.5 

0.5 

2.7 

+ 9.0 

b, d, e, f 

1.87 

7.15 

0.75 

1.0 

2.7 

+ 12.0 

b, d, e, f 

4.87 

7.15 

2.0 

1.0 

3.0 

+ 15.0 

b, d, e, f 

7.87 

7.15 

3.3 

1.0 

3.0 

-9.0 

c 1 see 

3.48 

5.36 

1.2 

0.5 

2.0 

-12.0 

c > note 2 

3.57 

8.45 

1.2 

0.5 

3.3 

-15.0 

c J 

3.57 

11.5 

1.2 

0.5 

4.3 


NOTES: 1. To make the voltage adjustable, the R1/R2 divider shown in the figures must be 
replaced by the divider shown here. 


R1 

O AAAr 


PI 



R2 

AAAr——O 


2. For negative output voltages less than 9 V, Vqq+ and Vq must be connected 
to a level large enough to allow the voltage between VqC + anc * ^CC - to be greater 
than 9 V. 


General-Purpose Power Supply 

The general-purpose power supply shown in Figure 66 may be used for supply 
output voltages from 1 to 35 V. The line transformer should be selected to give about 1.4 
times the desired output voltage from the positive side of the filter capacitor, Cl, to 
ground. R1 discharges the carriers in the base-emitter junction of the TIP31 when the drive 
is reduced. Its value is determined as follows: 



TIP31 voltage (at point of conduction) 
leakage current of TIP31 and uA723 output 


where: 


TIP31 voltage at point of conduction is 0.35 V, leakage current (collector-base) of 
the TIP31 plus the collector-emitter leakage of the uA723 output transistor (worst 
case = 200 |xA). 

therefore: 

R1 = = 1750 O max 

0.0002 A 

R1 = 1.5 k(l (standard value) 
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Potentiometer R2 sets the output voltage to the desired value by adjusting the 
reference input voltage. It is connected between pin 6 (7.15-V reference) and ground. The 
center arm of R2, connected to pin 5, will select any point between zero and the 7.15-V 
reference. 

Resistors R3 and R4 are connected in series across the supply output. The junction 
of these two resistors is connected to the inverting input (pin 4) of the error amplifier 
establishing an output voltage reference. This voltage reference is compared to the 
selected voltage at the noninverting input to the error amplifier (pin 5) to set the level of 
output voltage regulation. The values for R3 and R4 are listed in Note 1 of Figure 66. R$c 
is the current limit set resistor. Its value is calculated as: 


Rsc = 


0.65 V 

II 


For example, if the maximum current output is to be 1 A, Rgc = 0.65/1.0 = 0.65 (1. 


DIODES 

5 A - 50 PIV A 



NOTE 1: FOR 14 V TO 35 V OUTPUT, R3 - 2 k, R4 - 500 0 
FOR 1 V TO 14 V OUTPUT, R3 - 2 k, R4 - 2 k 

0.65 V 

CURRENT LIMIT R$C =- 

•(limit) 



Figure 66. General-Purpose Power Supply 
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The 1-kD resistor, Rs, on the output is a light-load resistor designed to improve the 
no-load stability of the supply. The 100- |JiF electrolytic capacitor improves the overall 
output ripple voltage. A 100-pF capacitor from the compensation terminal (pin 13) to the 
inverting input (pin 4) allows for gain variations in the uA723 error amplifiers and for 
parasitic capacitances. 

The output voltage and current of this supply must be restricted to the specifications 
of the TIP31 series pass transistor. Since it is rated at 2 W in free air at 25°C, sufficient heat 
sinking is necessary. 

8-A Regulated Power Supply for Operating Mobile Equipment 

It is often necessary to operate or test equipment used in automotive applications. 
This supply, as shown in Figure 67, provides up to 8 A at 13.8 V. The uA723 is used as the 
control element, furnishing drive current to series-pass transistors which are connected in 
a Darlington configuration. Two 2N3055 n-p-n transistors are used as the pass transistors, 
so proper heat sinking is necessary to dissipate the power. 

This supply is powered by a transformer operating from 120 VAC on the primary and 
providing approximately 20 VAC on the secondary. Four 10-A diodes with a 100-PIV 
rating are used in a full-wave bridge rectifier. A 10,000-|uiF/36-VDC capacitor completes 
the filtering, providing 28 VDC. 


The dc voltage is fed to the collectors of Darlington-connected 2N3055s. Base drive 
for the pass transistors is from pin 10 of the uA723 through a 200-11 current limiting 
resistor, Rl. The reference terminal (pin 6) is tied directly to the noninverting input of the 
error amplifier (pin 5), providing 7.15 V for comparison. The inverting input to the error 
amplifier (pin 4) is fed from the center arm of a 10-kH potentiometer connected across the 
output of the supply. This control is set for the desired output voltage of 13.8 V. 
Compensation of the error amplifier is accomplished with a 500-pF capacitor connected 
from pin 13 to pin 4. 



The 1-kH resistor on the output is a light load to provide stability when the supply 
has a no load condition. The 100 -|ulF/ 16-VDC electrolytic capacitor completes the filter 
action and reduces the ripple voltage. The current output of the supply is sampled through 
resistor R$c between the output transistor and the output terminal. The resistor value for a 
10-A maximum current is calculated from the formula: 


Rsc 


0.65 V 
I (load max) 


— = 0.065 a 
10 


If the power supply should exceed 8 A or develop a short circuit, the uA723 
regulator will bias the transistors to cutoff and the output voltage will drop to near zero 
until the short circuit condition is corrected. This circuit features a no-load-to-full-load 
(8 A) voltage regulation of no more than 0.2-VDC variation (better than 2% regulation). 
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DIODES INI200 
10 A - 100 PIV 



Figure 67. 8-A Regulated Power Supply 


± 15 V at 1 A Regulated Power Supplies 

When working with operational amplifiers, a common requirement is plus and 
minus supplies in the 15-V range. A positive 15-V supply is shown in Figure 68 and a 
negative 15-V supply is shown in Figure 69. 

Positive Supply 

The positive supply, shown in Figure 68, receives + 20 VDC from the rectifier/filter 
section. This is applied to pins 11 and 12 of the uA723 as well as to the collector of the 
2N3055 series-pass transistor. The output voltage is sampled through R1 and R2 providing 
about 7 V with respect to ground at pin 4. 



Figure 68. + 15-V at 1-A Regulated Power Supply 
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The reference terminal (pin 6) is tied directly to pin 5, the noninverting input of the 
error amplifier. For fine trimming of the output voltage, a potentiometer may be installed 
between R1 and R2. A 100-pF capacitor from pin 13 to pin 4 furnishes gain compensation 
for the amplifier. 

Base drive to the 2N3055 pass transistor is furnished by pin 10 of the uA723. Since 
the desired output of the supply is 1 A, maximum current limit is set to 1.5 A by resistor 
Rsc whose value is calculated as: 


Rsc 


0.65 V 
I(max limit) 


= 0.433 fl 


A 100-|xF electrolytic capacitor is used for ripple voltage reduction at the output. A 
1-kli output resistor provides stability for the power supply under no-load conditions. The 
2N3055 pass transistor must be mounted on an adequate heat sink since the 3.5-W, 25°C 
rating of the device would be exceeded at 1-A load current. 


Negative Supply 


The negative 15-V version of this power supply is shown in Figure 69. The supply 
receives — 20 V from the rectifier/filter which is fed to the collector of the Darlington 
p-n-p pass transistor, a TIP105. A different uA723 configuration is required when 
designing a negative regulator. 




Figure 69. — 15-V at 1-A Regulated Power Supply 
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The base drive to the TIP105 is supplied through resistor R5. The base of the TIP105 
is driven from pin 9 (Vz terminal), which is the anode of a 6.2-V zener diode that connects 
to the emitter of the uA723 output control transistor. 

The method for providing the positive feedback required for foldback action is 
shown in Figure 69. This technique introduces positive feedback by increasing current 
flow through resistors R1 and R2 under short-circuit conditions. This forward biases 
the base-emitter junction of the 2N2907 sensing transistor, which reduces base drive to 
the TIP105. 


The final percentage of foldback depends on the relative contributions of the voltage 
drop across R2 and R$c to the base current of the 2N2907 sensing transistor. From the 
start of base-emitter conduction of the sense transistor to the full shut-off of the TIP105 
pass transistor requires a 2-jxA base current. 

The latch condition, or 100% positive feedback, is generated by any change in the 
input voltage which increases the voltage drop across R2 turning on the sense transistor 
(2N2907). It can only be reset by breaking the positive feedback path with switch SI. This 
allows the series pass device to once more be driven in a normal fashion. 



R3 and R4 are equal in value and divide the 7.15-V reference in half. The resulting 
3.6-V reference is tied to the inverting input of the error amplifier. R6 and R7 are 
connected in series across the output of the power supply. The junction of R6 and R7 
furnishes 3.6 V to the noninverting input of the error amplifier. At this point, the output is 
regulated at —15 V with respect to ground. 

Resistors R1 and R2 are calculated as follows: 


Rl(kH) = Vi - *VSENSE(V) 
= 20 - 0.5 
= 19.5 kft 


R1 = 20 kfl (standard value) 

R2(kll) = *VsenSE(V) = 0.5kor510fl (standard value) 

(min beta Q2) 

Resistor R5 = (Vi - V 0 - V BE Q2 " VR SC ) x —} . ...- 

1m (max load current) 

R5 = (20 - 15 - 2.8 - 0.4) X ^92 = 1800 ft 
R5 = 1.8 kft 
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*Vsense is defined as the base to emitter voltage needed to start turn-on of the 2N2907. From the data sheet this 
is about 0.5 V. 


The current sense resistor R§c is calculated as follows: 


Vq , v SENSE ' = 15 0-5 ' 

ImIVi - VsenSE/ 1 \20 - 0.5j 


0.384 ft 


R SC = 0.39 ft 

Foldback limiting, as used in this circuit, is advantageous where excessive pass 
transistor power dissipation is a problem. The TIP105 can tolerate only 2-W dissipation in 
free air at 25°C ambient, so adequate heat sinking is necessary. 


Overvoltage Sensing Circuits 

The use of SCR crowbar overvoltage protection (OVP) circuits is a popular method 
for providing protection from accidental overvoltage stress for a power supply load. The 
sensing function for this type of OVP circuit can be provided by a single IC, the MC3424, 
as shown in Figure 70. 



Figure 70. MC3423 Overvoltage Crowbar Sensing Circuit Block Diagram 


The Crowbar Technique 

One of the simplest and most effective methods of obtaining overvoltage protection 
is to use a crowbar SCR placed across the equipment’s dc power supply bus. As the name 
implies, the SCR is used much like a crowbar would be, to short the input of the dc supply 
when an overvoltage condition is detected. A typical circuit configuration is shown in 
Figure 71. 
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Figure 71. Typical Crowbar Circuit 


The MC3423 operates from a Vcc minimum of 4.5 V to a maximum of 40 V. The 
input error amplifier has a 2.6-V reference between the noninverting input and Vee* The 
inverting input is V sense i (Pin 2) and is the point to which the output sense voltage is 
applied. This is usually done through a resistor voltage divider which sets the trip point 
(V ref ) at 2.6 V. The output of the device, pin 8, then triggers the gate drive terminal of the 
SCR. A basic OVP circuit is shown in Figure 72. 

When Vcc rises above the trip point set by R1 and R2, an internal current source 
(pin 4) begins charging capacitor Cl which is also connected to Pin 3. When triggered, 
pin 8 supplies gate drive through the current-limit resistor (RG) to the gate of the SCR. 
The minimum value of RG is given in Figure 73. 



Figure 72. Overvoltage Protection Circuit 
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Figure 73. Minimum Rg vs Supply Voltage 


The value of capacitor C determines the minimum duration of the overvoltage 
condition necessary to trip the OVP. The value of C can be determined from Figure 74. If 
the overvoltage condition disappears before C is charged, C discharges at a rate which is 
10 times faster than the charging rate, and resets the timing feature until the next 
overvoltage condition occurs. 



Figure 74. Capacitance vs Minimum Overvoltage Duration 
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Activation Indication Output 

An additional output for use as an OV indicator is provided on the MC3423. This 
is an open-collector transistor which saturates when the OVP circuit is activated. 
It will remain in a saturated state until the SCR crowbar pulls the supply voltage, Vcc> 
below 4.5 V. 

This output may also be used to clock an edge-triggered flip-flop whose output 
inhibits or shuts down the power supply when the OVP trips. This method of protection 
reduces or eliminates the heat-sinking requirements for the crowbar SCR. 

Remote Activation Input 

Another feature of the MC3423 is its remote activation input, pin 5, which has an 
internal pull-up current source. This input is CMOS/TTL compatible and, when held 
below 0.8 V, the MC3423 operates normally. However, if it is raised above 2 V, the OVP is 
activated regardless of whether an overvoltage condition is present. This feature may be 
used to accomplish an orderly and sequenced shutdown of system power supplies during a 
system fault condition. 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to or 
to discontinue any semiconductor product or service identified 
in this publication without notice. Tl advises its customers to 
obtain the latest version of the relevant information to verify, 
before placing orders, that the information being relied upon is 
current. 

Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl's standard warranty. Testing 
and other quality control techniques are utilized to the extent Tl 
deems necessary to support this warranty. Unless mandated by 
government requirements, specific testing of all parameters of 
each device is not necessarily performed. 

Tl assumes no liability for Tl applications assistance, customer 
product design, software performance, or infringement of patents 
or services described herein. Nor does Tl warrant or represent that 
any license, either express or implied, is granted under any patent 
right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or 
process in which such semiconductor products or services might 
be or are used. 


Copyright © 1988, Texas Instruments Incorporated 
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Introduction 


The TL77XXA supply voltage supervisors are a series of monolithic integrated 
circuits that monitor the power supply status in digital and computer equipment and 
supply a reset signal when the supply voltage falls below the operational range. Each 
TL77XXA device performs all the functions required to monitor a voltage supply and 
generate complementary reset outputs whenever the voltage level being monitored falls 
below a defined operational range. 

The reset outputs are maintained for a certain time delay after the supply voltage 
has returned to its nominal value. This allows the supply voltage to stabilize and 
prevents undefined operations. The amount of delay, td, is determined by an external 
timing capacitor Op in accordance with the following formula: 

td - 1.3 X 104 X Ct 

where: td is in seconds 

Cx is in farads 


Theory of Operation 

This section explains why a reset function is necessary in computer applications 
and how this function has been typically performed. It also explains why the TL77XXA 
supply voltage supervisors are a superior alternative to typical solutions, and provides a 
detailed description of TL77XXA performance. 



Typical Reset Generators 


A reset generator is required in most digital or computer applications where vital 
data is stored in volatile memory. Most digital or computer equipment uses discrete 
circuits that force the system into a defined state after power-on and when a supply 
voltage drop is detected. 

Discrete Reset Generator 1 

In a typical application (see Figure 1) for a digital or computer system, the reset 
input is connected to an RC (resistor-capacitor) reset network. 

During power-up, the RC reset network maintains the reset signal until the charge 
on the capacitor reaches the threshold value. However, this network does not work well 
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Vcc 



Figure 1. Discrete Reset Generator 1 in Typical 
System Application 



V CC 



RESET 

OR 

RESET 


Figure 2. Discrete Reset Generator 2 in Typical 
System Application 

during short voltage drops because the capacitor does not have enough time to 
discharge through the diode. This circuit is also characterized by a slow rise time and an 
uncertain reset time. 

Discrete Reset Generator 2 

Discrete reset generator 2 solves the problem of slow rise time (see Figure 2). 

This circuit uses a zener diode to determine the threshold of the voltage being 
monitored, (VCQ)- A reset signal is generated when VqC drops to a level that causes 
the voltage at the junction of resistors RA and RB to fall below the zener diode 
breakdown voltage. 
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Either a high-active RESET or a low-active RESET output can be produced, 
depending on the connections to the inverting and noninverting inputs of the 
operational amplifier (op-amp). 

For proper operation, Vcc f° r this circuit should never drop below the zener 
diode breakdown voltage or an undefined threshold point results. 

Discrete Reset Generator 3 

The circuit shown in Figure 3 provides a reset signal during power-up and detects 
short drops in the power supply. 


v cc 




Figure 3. Discrete Reset Generator 3 
in Typical System Application 

This circuit generates a low-active pulse when one or both comparator outputs go 
low. This occurs when Vcc drops below the predefined threshold. 

However, this circuit has two major disadvantages: 

1. It does not generate accurate reset pulse durations. 

2. It requires an excessive amount of components. The extra components add 
to the cost of the system and occupy more board space. 

TL77XXA Performance 


The TL77XXA series of supply voltage supervisors, with few external 
components, solves the problems associated with typical discrete reset generators. The 
TL77XXA supply voltage supervisors immediately detect low voltage conditions that 
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can cause a computer system to lose valuable data. Most discrete reset generators 
require a severe glitch before a fault is detected. However, the TL77XXA supervisors 
are sensitive to power drops of very small magnitude and duration. 

In addition, fast rise and fall times are provided on the reset signal, which can be 
adjusted to ensure stable operating conditions. 

To eliminate the need for an external inverter, two outputs, RESET and RESET, 
are provided. These outputs remain active down to supply levels of 2 V during power¬ 
down, which would not be possible with an external inverter. Hysteresis is provided on 
the SENSE IN pin to improve the device performance by preventing oscillations around 
the threshold point. 

Each TL77XXA circuit includes a very stable, temperature-compensated 
bandgap reference (see Figure 4), trimmed to 2.53 V (typically). In all but tne TL7702A, 
a precision resistor-divider network (R1 and R2) reduces the voltage at SENSE IN for 
comparison with the internal reference voltage. 



Figure 4. TL77XXA with Very Stable 
Temperature-Compensated Bandgap Reference 
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The typical resistance values of resistors R1 and R2 differ for the various supply 
voltage supervisors in the TL77XXA series. The nominal values of R1 and R2 for each 


are listed below. 




R1 

R2 

TL7702A 

Short 

Open 

TL7705A 

7.8 m 

10 kO 

TL7709A 

19.7 kft 

10 kO 

TL7712A 

32.7 kfl 

10 kfi 

TL7715A 

43.4 kfl 

10 m 


When the voltage being monitored at SENSE IN is within the opera ting rang e, 
SENSE IN voltage is greater than or equal to the threshold, the reset input (RESIN) is 
high, the internal silicon-controlled rectifier (SCR) is off, and the external timing 
capacito r (CT) is charged to a value above the reference voltage. Both RESET and 
RESET outputs are inactive (low and high, respectively). Because both outputs are only 
active in one direction. RESET must be connected to a pull-down resistor and RESET 
to a pull-up resistor. 

The TL77XXA outputs become active to generate a reset under various 
conditions. 


When the SENSE IN voltage falls 10% below its operating value, the SCR is fired, 
the timing capacitor is discharged, and the outputs are forced into their active states. 

With a low at the RESIN input, the SCR fires independently of the state of 
SENSE IN, so that an external system can generate a reset. 



The SCR is turned off again after the voltages at SENSE IN and RESIN inputs 
increase above the respective thresholds. 


In the TL7702A supply voltage supervisor, SENSE IN is tied directly to the input 
comparator, so that the threshold voltage can be programmed through an external 
voltage divider connected to SENSE IN. 


For proper operation, the recommended voltage at SENSE IN should not exceed 
VCC ~ 1 V. Voltage in excess of 6 V at this input will damage the internal circuit. With 
the exception of this feature, the performance of the TL7702A supply voltage supervisor 
is identical to that of the other circuits in the TL77XXA series. 


During power-up, the outputs are undefined until the supply voltage (Vcc) to the 
TL77XXA reaches 3.6 V (see Figure 5). During power-down, with the voltage at 
SENSE IN below the threshold, the outputs remain active until the supply voltage to the 
TL77XXA falls below 2 V. 
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For proper operation in all TL77XXA applications, an external capacitor (0.1 julF 
minimum) must be connected from the REF pin to ground. The reference capacitor 
should be connected as close as possible to the TL77XXA. Using the reference output 
as a source for other circuits may result in erroneous operations. 



4 



TL77XXA Circuit Operation (see Figure 6) 


Initialization 

During power up, before the TL77XXA attains the minimum operating supply 
voltage valu e of 3.6 V , the bandgap reference circuit is inoperative, and both the 
RESET and RESET outputs are undefined. When Vcc exceeds 3.6 V, the reference 
circuit is ensured to be on by transistor Q32 and the 150-kfl resistor, which form the 
start-up circuit. At this point, the reference voltage (pin 1) remains fixed at 2.53 V 
(typical) and is applied to the base of Q8, which is the inverting input of the comparator 
Q7-Q8. The noninverting input (the base of Q7) is the divided-down SENSE IN voltage 
from pin 7. 

Low RESIN 

When RESIN (pin 2) is tied low, transistor Q19 is turned on and Q18 is turned 
off. With Q18 off, the base of Q17 is biased to the reference voltage, turning Q17 on. 
This activates the current mirror Q5-Q6, regardless of the state of Q8. Also with Q17 on, 
Q16 turns on causing Q12 to be shunted. This causes current mirror Q11-Q12 to be 
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inactive. Even though Q5 is on, there is no collector current flowing into Qll. 
Therefore, all the collector current of Q5 flows into the base of Q10 (SCR gate). This 
current flow allows both Q10 and Q9 to turn on and remain on even if the gate drive is 
removed. 

With Q10-Q9 on, the timing capacitor CT (pin 3) and the base of Q21 (inverting 
input of comparator Q21-Q22) are shorted to ground. This turns on transistor Q22, 
which activates current mirror Q23, Q24, Q25, Q26, and Q27. With collector current 
flowing from Q26 and Q27,transistors Q28 and Q turn on, which causes the outputs 
(RESET and RESET, respectively) to become active. 


High RESIN 

When RESIN (pin 2) is tied high, transistor Q17 draws very little current, and Q16 
is off. The state of the SCR (Q10-Q9) now depends only on the output of comparator 
Q7-Q8, which is determined by the SENSE IN voltage. 

If the SENSE IN voltage is lower than the threshold, Q7 is off, disabling current 
mirror Ql, Q2, Q3, and Q4. In addition, Q8 is on, causing current mirror Q5-Q6 to be 
active. With Q4 off, no current flows into Q12 and mirror Q11-Q12 is disabled. 
Collector current from Q5 again flows into the SCR gate (Q10 base) to turn it on. CT 
discharges. This turns on Q22 allowing base current to flow into Q28 and Q29 and 
turning the outputs on (active). 


Outputs Inactive 

If the voltage at SENSE IN is greater than the threshold (with RESIN still tied 
high), Q7 turns on and Q8 is shut off. This activates mirror Ql, Q2, Q3, and Q4 and 
disables mirror Q5-Q6. With collector current flowing from Q4 into Q12, current mirror 
Q11-Q12 is on. Since Q5 is off, Qll pulls current from the gate of the SCR and forces 
the SCR to turn off (gate turn off). 



With Q9 off, collector current from Q3 charges CT to a value above the base 
voltage of Q22, after the time delay tj. At this point, Q22 turns off, disabling mirror 
Q23, Q24, Q25, Q26, and Q27. This removes the base drive from Q28 and Q29 and 
places the outputs at their inactive (off) state. 
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TL77XXA ELECTRICAL SPECIFICATIONS 


The TL77XXA supply voltage supervisors offer accurate, reliable 
performance over a wide range of operating conditions. The TL77XXA 
maximum allowable ratings, recommended operating conditions, and 
electrical characteristics are presented in the following tables. 

absolute maximum ratings over operating free-air temperature (unless 
otherwise noted) 


Supply voltage, Vqc (see Note 1) . 20 V 

Input voltage range at RESIN. -0.3 V to 20 V 

Input voltage at SENSE: TL7702A (see Note 2). -0.6 V to 6 V 

TL7705A. -0.3 V to 10 V 

TL7709A. -0.3 V to 15 V 

TL7712A. -0.3 V to 20 V 

TL 7715A . . -0.3 V to 20 V 

High-level output current at RESET . -30 mA 

Low-level output current at RESET.30 mA 

Operating free-air temperature range: TL77XXAI. -25°C to 85°C 

TL77XXAC. 0°C to 70°C 

Storage temperature range. -65°C to 150°C 


■ ■■ NOTES: 1. All voltage values are with respect to the network ground terminal. 

2. For the TL7702A, the voltage applied to the SENSE terminal must never exceed Vqq. 

recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqq 

3.6 

18 

V 

High-level input voltage at RESIN, Vm 

2 

V 

Low-level input voltage at RESIN, Vj[_ 

0.8 

V 


TL7702A 

0 

t 



TL7705A 

0 

10 


Input voltage at SENSE, V| 

TL7709A 

0 

15 

V 


TL7712A 

0 

20 



TL7715A 

0 

20 


High-level output current at RESET, Iqh 

-16 

mA 

Low-level output current at RESET, Iql 

16 

mA 

Operating free-air temperature range, T/\ 

TL77XXAI 

-25 

85 

on 

TL77XXAC 

0 

70 

V 


f For proper operation of the TL7702A, the voltage applied to the SENSE terminal should not exceed 
Vcc ~ 1 V or 6 V, whichever is less. 
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electrical characteristics over recommended operating conditions 
(unless otherwise noted) 



t All typical values are at Ta = 25°C. 

* Hysteresis is the difference between the positive-going input threshold voltage, Vj + , and the 
negative-going input threshold voltage, Vj_. 
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switching characteristics 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

t w -j Pulse duration, SENSE 

VlH* = v Tmax + 300 mV, 
V|L* = Vjmin - 300 mV 

0.5 

ps 

t W 2 Pulse duration at RESET and RESET 

Cj = 0.1 nF 

1.3 

ms 

t Propagation delay from RESIN to 
pd RESET 

V|* = 5V, Cl =100 pF 

5 

ps 

t r Rise time, RESET and RESET 

V|* = 5V , Cl =100 pF, 

ri = 4.7 k a 

1 

PS 

tf Fall time, RESET and RESET 

V|* = 5V, Cl =100 pF, 

RI = 4.7 kfl 

1 

ps 


t All typical values are at T^ = 25°C. 

* Voltages listed are at the SENSE input. 
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Application Examples 


This section describes several sample applications for the TL77XXA series of 
supply voltage supervisors. The sample applications are as follows: 

1. Generating a Reset 

2. Generating Dual Reset Signals 

3. TL77XXA Supply Voltage Supervisors in Multiple Supplies 

4. Speeding Up TL77XXA Output 

5. Slowing the SENSE IN Glitch Response 

6. Connecting a TL77XXA as an Oscillator 

7. Building a Watchdog Circuit 

8. The TL77XXA as a Retriggerable One-Shot Circuit 

9. Connecting Vcc °f the TL77XXA to a High Voltage Line 

10. Monitoring AC and Unregulated DC Voltages 

11. TL7705A in a Battery-Buffered Memory System 

12. Eliminating Undefined States of TL77XXA Outputs 

13. Sensing Different Voltage Thresholds 

14. Preventing Voltage Above Vcc -1 at SENSE IN of the TL77XXA 

Generating a Reset 

The simplest application of a TL77XXA supply voltage supervisor is its use as a 
reset generator. A reset signal must be generated in microcomputer or microprocessor 
systems to properly initialize the system to a known state during power-on and protect mm 
the system memory when the system power supply is below the operational range. 

The TL77XXA supply voltage supervisor can be used in microcomputer or 
microprocessor equipment to generate a reset. By connecting the RESET output of the 
TL77XXA to the RESET input of the microcomputer or microprocessor system, an 
accurate reset pulse is generated when fault conditions occur in the power supply being 
monitored. 

Microprocessor Applications 

The microprocessors with which the TL77XXA can interface fall into two 
categories according to whether they interface directly or indirectly with the TL77XXA. 

The following table lists examples of microprocessors in each category. 


Direct Interfacing 

MC6800 
R6502 
TMS7040 
Intel 8085 
Intel 80188 
Z-80 


Indirect Interfacing 

MC68000 
Intel 8088 
Intel 80286 
TMS320 
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Interfacing the TL77XXA supply voltage supervisor directly with a 
microprocessor is a relatively straightforward process. Interfacing it indirectly with a 
microprocessor is similar, but requires an additional consideration. 

Direct Interfacing 

Microprocessors in the first category, such as the MC6800, can be directly 
interfaced with the TL77XXA supply voltage supervisors as shown in Figure 7. Both the 
VCC an< 3 SENSE IN inputs are tied to the microprocessor system supply line, so that 
the voltage being monitored at SENSE IN is the system supply voltage. The RESIN 
input is also tied to the supply line. 



Vec 


I SENSE 
IN 


| RESIN RESET | 

TL77XXA 
| C T REF| 

GND 


'C T 


T 


V CC 

MICROPROCESSOR 

EQUIPMENT 


RESET 


GND 


‘ 0.1 


T 


Figure 7. Microprocessor to TL77XXA Direct 
Interface 


A small capacitor connected from the REF output to ground is required to 
minimize the effects of system noise, and provide a stable reference. Another capacitor 
Op dete rmines the delay between the end of the fault condition and the return of the 
RESET output to its inactive state. 

T he system is forced into a defined state when a high-to-low transition is detected 
on the RESET input of the microprocessor. 

Indirect Interfacing 

The microprocessors in the second category, such as the 68000, the 8088, etc., 
cannot be interfaced directly with the TL77XXA supply voltage supervisor because a 
clock generator^recedes the microprocessor as shown in Figure 8. 

The clock generator must generate the proper logic-reset signal (with a low 
external pulse) during power-fault conditions. The high-to-low transition of the clock 
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generator RESET output must be synchronized to the system clock. When the clock 
generator RESET input is low, the RESET output goes high after a one to two clock 
cycle delay, due to the synchronization of RESET to the system clock. 



Figure 8. Indirect Interfacing 


Generating Dual Reset Signals 


A TL77XXA supply voltage supervisor can be used in a system that requires both 
low-active and high-active reset signals. Figure 9 shows a circuit that uses a TL7705A to 
send interrupt signals to a microcomputer and to read-only-memory (ROM). When a 




Figure 9. TL7705A Interrupt to Microprocessor and ROM 
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power failure occurs, RESET goes high and RESET goes low. RESET resets the 
microcomputer; RESET sets the ROM to a standby mode. The microcomputer output 
is also used to generate a signal during a reset. This signal is sent to the ROM. 

TL77XXA Supply Voltage Supervisors in Multiple Supplies 

Several TL77XXA supply voltage supervisors can be used in systems that have 
various supplies and that require monitoring of the supplies for proper operation. 
Figure 10 shows a circuit that uses two TL7712A supply voltage supervisors and one 
TL7705A to monitor 12 V, -12 V, and 5 V supplies. 

The RESET outputs of both TL7712A supervisors are sent to the RES IN input of 
the TL7705A, which i s high du ring normal operation. SENSE IN of the TL7705A is tied 
to the 5-V line. The RESET output of the TL7705A serves as the system interrupt 
signal. When one of the three supervisors detects a fault, an interrupt signal is 
generated. 




Figure 10. TL7705A Supply Voltage Monitor Circuit 
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Speeding Up the TL77XXA Output 

The rise and fall time of the TL77XXA output can be shortened with only a minor 
modification to the circuit. 

Th e circuit shown in Figure 11 can be used in applications where the normal 
RESET output pulse transition ti me is too slow. Connecting a transistor-inverter circuit 
to the RESET output provides a RESET at its collector. This circuit results in a faster 
response because the saturation region of Q1 is avoided by clamping its base-collector 
junction. Unde r normal operating voltage levels RESET is inactive, Q1 is ensured to be 
off by RB, and RESET is high. Whe n a voltag e drop occurs at SENSE IN, RESET goes 
high. This turns on Q1 which pulls RESET low. 




Figure 11. Circuit Modification to Shorten 
Transition Times 

Slowing the SENSE IN Glitch Response 

An RC reset network can be connected to the TL77XXA supply voltage 
supervisor to slow the supervisor response to voltage drops. The TL77XXA supply 
voltage supervisors are designed to detect voltage drops of less than 1 ps in duration. 
The circuit shown in Figure 12 can be used in applications where this fast response is not 
desired, such as very noisy environments. 
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With an external RC reset network connected to the SENSE IN pin, the device 
normal response is delayed by an amount tA> such that 

t a = Ca X RA 

where: tA is in seconds 

Ca is in farads 
RA is in ohms 

The value of RA should be small (less than 22 fl) so that RA will not affect the 
SENSE IN threshold voltage. 




Figure 12. Circuit to Slow SENSE IN Glitch 
Response 

Connecting a TL77XXA as an Oscillator 

The TL77XXA can be connected so that it will perform as an oscillator. Figure 13 
shows a TL77XXA perform ing an oscillator function. When power is turned on, both 
outputs are active (RESET low, RESET high) and capacito r C is ch arging. When the 
voltage on C reaches the SENSE IN threshold, RESET and RESET change states. At 
this time, the capacitor begins to discharge until SENSE IN voltage falls below the 
threshold and the outputs become active again. The cycle is then repeated. 

A sawtooth waveform is generated at the junction of RA and RB. Because the 
SENSE IN voltage crosses t he thresh old regularly, RESET alternates between high and 
low. In this configuration, RESET provides a square wave suitable for main clock 
output. The duty cycle of the square wave depends upon the time that the sawtooth 
wave is above and below the threshold. 
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The rise and fall time of the sawtooth output, as well as its general shape, is 
determined by the values of capacitor C, the two resistors RA and RB, and the timing 
capacitor Cj. 



Figure 13. TL77XXA Oscillator Circuit 
Building a Watchdog Circuit 

A TL7702A and a TL7705A can be used in building a watchdog circuit that 
monitors incoming pulses and generates a reset whenever an input pulse is absent. 
Figure 14 shows a TL7702A and a TL7705A in a watchdog circuit. If the microcomputer 
is operating, the watchdog input is continuously strobed by input pulses that, through Cl 
and Dl, charge C2. To allow C2 to receive an equal charge from each input pulse, Cl is 
discharged through RA between pulses. 

In the absence of input pulses, C2 discharges through RB; when this occurs, the 
voltage at the TL7702A SENSE IN drop s below its threshold and a reset signal is 
generate d. This reset signal causes RESIN of the TL7705A to go low, in turn causing its 
RESET to go low, which provides a reset signal to the microprocessor or computer. 

When the s upply vo ltage (Vcc) drops below its operational range, the TL7705A 
also generates a RESET to the microcomputer. 

When the string of input pu lses is resumed, C2 again charges to a value above the 
TL7702A threshold and RESET of the TL7705A becomes inactive. 

Diode D2 is connected from the TL7702A RESET output to SENSE IN to allow 
C2 to be charged during power-up. For proper operation, the value for C r f \ must be less 
than that of Ct2- 
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The TL77XXA as a Retriggerable One-Shot Circuit 

Figure 15 shows the TL77XXA used as a retriggerable o ne-shot circuit. In this 
application, co mpleme ntary active outputs (from RESET and RESET) are obtained 
every time the RESIN input is triggered, the trigger pulse duration plus t<j equals the 
one shot pulse duration, and SENSE IN is tied to VCC- 

The outputs become active when RESIN passes from a high to a low state. 
Outputs remain active if the input has a period less than the delay time, t^. 

In this configuration, the RESIN input can be used as a panic button to provide an 
interrupt signal regardless of system condition. 


INPUT 


C T 


V C C 
SENSE 
IN 


RESET 


RESIN RESET 
TL77XXA 
Cj REF 

GND 


T 


10 kU 


: 10 kn 


0.1 m F 


Figure 15. TL77XXA Retriggerable One-Shot 
Circuit 



Connecting Vcc of the TL77XXA to a High-Voltage Line 

The TL77XXA supply voltage supervisors can be used to monitor the output of a 
regulator and to generate a reset even if the sensed voltage line drops to zero. Figure 16 
shows such a circuit. 

The Vcc input is fed from the input side of the regulator so that it is not affected 
by failures in the regulator. Because the regulator input voltage cannot be 35 V, a TL431 
programmable reference is u sed to dr op the voltage to a level that is compatible with the 
TL77XXA. Therefore, the RESET output remains active with OV at SENSE IN, 
provided that there is enough voltage at the regulator input. 


4-167 


Design Considerations 



Design Considerations 



Figure 16. Vcc of the TL7715A Connected to a High-Voltage Line 



Monitoring AC and Unregulated DC Voltages 

The TL77XXA can be used in a voltage regulator system to monitor either the ac 
input line to the power supply or the unregulated dc input. To avoid undefined 
operations, the point monitored must be one at which a power loss can be detected as 
quickly as possible. 


When a TL77XXA supply voltage supervisor is used to supervise a voltage 
regulator system, the regulator output should not be used as a sensing point. The 
preferred points in a regulator system, because they respond more quickly to a system 
power loss, are the ac input line to the power supply and the unregulated dc input to the 
regulator. 


When the ac voltage is being monitored, the output of the input transformer can 
be monitored by a TL7702A, see Figure 17. Resistors RA and RB are selected for the 
desired trip point above the regulator required minimum input voltage. Diode D1 acts 
as a half-wave rectifier. Capacitor Cl filters this half-wave signal so that a reset does not 
occur at every half cycle. Capacitor Cl also introduces a delay between the ac power loss 
and the reset signal. 
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When a drop in the ac line voltage is detected, the dc value of the rectified signal 
drops. The values of RA and RB should be such that any change greater than the 
maximum allowable drop will be detected. 


AC 

INPUT 



Figure 17. TL7702A Circuit for Monitoring Input-Transformer Output 



Figure 18 shows a TL7702A used to monitor the unregulated dc voltage. The 
regulator remains within its specified output voltage rating as long as the input voltage 
remains within its minimum and maximum limits. During a power drop, the regulator 
input starts to drop before the output experiences any voltage change. 

When the input voltage begins to drop, the ripple voltage also starts to drop. 
Resistors RA and RB should be selected so that the threshold of the TL7702A SENSE 
IN voltage is below the ripple voltage at the desired detection level (which should be 
above the regulator minimum input voltage). The TL7702A therefore warns of a power 
failure at the regulator input before the regulator output is significantly affected. 
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REGULATOR 





Figure 18. TL7702A Circuit for Monitoring Unregulated DC Voltage 

The TL7705A in a Battery-Buffered Memory System 

The TL7705A can be used in a circuit that protects the memory contents of a 
microprocessor against spikes on the "write" line after failure of the line voltage. Figure 
19 shows the TL7705A in a battery-buffered memory system. A switch consisting of 
transistor Q1 an d diode D1 is inserte d on the memory chip select line. If SYSTEM 
RESET (tied to RESIN) is high, the RESET output of the TL7705A is high, which 
turns on transistor Ql. 

When a power fa ilure occurs, SYSTEM RESET goes low (triggering the 
TL7705A) and RESET goes low (turning off Ql and reverse-biasing diode Dl). 
Therefore, the chip select input of the memory (CS) is isolated from the chip-select line. 

Eliminating Undefined States of TL77XXA Outputs 

An external circuit can be connected to the TL77XXA supply voltage supervisor 
in applications where the state of the TL77XXA outputs is to remain defined down to 
the point at which Vcc is 0 V. Figure 20 shows an external circuit that, when connected 
to the TL77XXA, eliminates undefined states of the TL77XXA outputs during power- 
up and power-down. 
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BUFFERED 

V C C 



Figure 19. TL7705A in a Battery-Buffered Memory System 
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The RESET outp ut is u sed to switch transistor Q1 on or off. Switching Q1 on 
causes the collector (the RES output) to go high. Switching Q1 off causes the collector 
to go low. When VqC is above minimum oper ational value, RESET is at a low voltage. 
This condition turns on Q1 and causes RES to g o high. As Vcc drops, the RESET 
output keeps Q1 turned off. This causes the RES output to remain active down to the 
point at which Vcc is 0 V. 




Figure 20. Elimination of Undefined States 

Figure 21 shows a circuit application that eliminates the undefined state of the 
TL77XXA outputs by using a p-channel depletion JFET. 


To ensure that the transistor is switched off when the supply voltage reaches a 
nominal value, the gate must be more positive than the source. The circuit in Figure 21 
provides the advantage of less power dissipation than the circuit in Figure 20. 

Sensing Different Voltage Thresholds 


The TL77XXA supply voltage supervisors are capable of detecting voltage drops 
of 10%. The TL7702A can be used in a modified circuit to detect even smaller voltage 
drops. 

The threshold voltage at SENSE IN of the TL77XXA is designed to detect a 
voltage drop of approximately 10% below the rated voltage. The TL7705A, for example, 
is for use in 5 V systems and the threshold voltage at its SENSE IN is typically 4.55 V. 
The TL7709A, the TL7712A, and the TL7715A have typical threshold voltages at 
SENSE IN of 7.6 V, 10.8 V, and 13.5 V, respectively. 
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Figure 21. Elimination of Undefined State Using P-Channel Depletion JFET 

In applications where a 10% drop in voltage is harmful and therefore a drop of 
5% must be detected, the programmable TL7702A with a precision voitage divider at 
SENSE IN can be used as shown in Figure 22. To calculate the exact threshold voltage 
for the TL7702A, the following equation is used: 


V S = 


R1 + R2 
R2 


(VT—) 



where: 

VT = 2.53 V 

For a 5-V system with a ~5% detection level: Vs = 4.75 V, Vt = 2.53 V and R2 is 
selected as 10 kfl. Rl, therefore, is 8.775 kfl. 

Preventing Voltage Above Vcc — 1 at SENSE IN of the TL7702A 

The TL7702 must be used in a circuit that ensures that the voltage at SENSE IN 
never exceeds the recommended voltage. Figure 23 shows a circuit that clamps the 
voltage at SENSE IN to a value below Vcc* 
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Figure 23. Clamp Circuit for TL7702A SENSE IN 







To select the resistor values, a minimum Vcc (VcCmin) and a maximum SENSE 
IN voltage (Vxmax) must be selected. Resistors RB and RC are chosen such that: 


VTmax - + VcCmin + Vdiode 

With this accomplished, the value for RA is calculated for the desired trip point 
(Vs) such that: 


VTnom 


RC 

RA + RB + RC 


(VS) 


where: 


VTnom = 2.53 V 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to or 
to discontinue any semiconductor product or service identified 
in this publication without notice. Tl advises its customers to 
obtain the latest version of the relevant information to verify, 
before placing orders, that the information being relied upon is 
current. 

Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl's standard warranty. Testing 
and other quality control techniques are utilized to the extent Tl 
deems necessary to support this warranty. Unless mandated by 
government requirements, specific testing of all parameters of 
each device is not necessarily performed. 

Tl assumes no liability for Tl applications assistance, customer 
product design, software performance, or infringement of patents 
or services described herein. Nor does Tl warrant or represent that 
any license, either express or implied, is granted under any patent 
right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or 
process in which such semiconductor products or services might 
be or are used. 


Copyright © 1989, Texas Instruments Incorporated 
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Introduction 


The power supply was designed and built for the purposes of demonstrating and 
evaluating switching power supply components under operating conditions. The primary 
consideration of the mechanical design was to facilitate instrumentation, not particularly 
to achieve a compact modular design. 

The half-bridge circuit configuration was selected because it is one of the more 
common types of converter circuits in use today. The half-bridge power converter is very 
popular because of its many advantages which include: (1) voltage stress on the power 
switches is no greater than the rectified power mains voltage; (2) power transformer dc 
core flux can be eliminated by the use of a capacitor in series with the primary of the 
power transformer; (3) reverse energy created by the transformer leakage inductance can 
be commutated back to the dc bus and therefore need not be absorbed by the power switches; 
and (4) a simple power transformer primary is required. 


Although the half-power bridge converter is very popular, it does require additional 
consideration for the base drive of the power switches. These considerations include 
switching speed and isolation requirements. This work details the construction of such 
a base driver section that very successfully interfaces between a TL494 control circuit 
and the bases of the TIPL755 power inverter transistors. 

The discussion will begin with a power supply specification and then proceed with 
the detailed design considerations. 



The selection of the operating frequency is a compromise between physical size of 
the magnetics and filters and loss of efficiency due to increased switching losses. The 
frequency of this design was set at 20 kHz. 

Power Supply Definitions 

Specifications 


Regulated Output Power: 

1) +5 volts ± 0.5% at 80 A 

2) +10 volts ±2% at 2.5 A 

3) +26 volts ±2% at 2 A. 

Ripple: Shall be <125 mV peak-to-peak on all outputs 
Input Power: 120 V or 240 V, 1 <£, 60 Hz 
Efficiency: 65% minimum at full load 
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Protection Circuits: 


1) All regulated outputs shall be current limited. 

2) The 5 V/80 A output shall have overvoltage protection. 

Input Voltage Range: 

Minimum 

120-V ac Input 

96 

240-V ac Input 
192 

Nominal 

120 

240 

Maximum 

132 

264 


Holdup Time, %: 10 ms (time outputs remain in regulation following loss of input 
power) 

Block Diagram 

A block diagram of the half-bridge converter switching power supply is shown as 
Figure 1. 

Half-Bridge Converter Description 

The idealized waveforms of Figure 2 define the voltage and current characteristics 
of the Power Converter Section. 



120 V 
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Figure 1. 500-W, 80-A Half-Bridge Converter Switching Power Supply 
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HALF-BRIDGE POWER CONVERTER SECTION 

Figure 2. Half-Bridge Inverter Waveforms and Power Converter Section 
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Preliminary Calculations 


Input Voltage Range 

The input rectifiers and filter capacitors are designed to operate as a standard full- 
wave rectifier with 240-V ac input and as a doubler with 120-V ac input (Figure 3). Switch 
S2A is closed for the 120-V ac operation. 



Figure 3. Input Filter Circuit 

Based on the specification, the theoretical minimum converter voltage, Vcc> with 
120-V ac input and switch S2A closed is: 

Vcc = V2X96 V rms x2 = 271 V (Eq.l) 

mm By allowing 10 V for EMI filter, surge limiting, thermistor, rectifier, and wiring 

losses, the value of Vcc is reduced to 261 V. This value represents Vcci in Figure 3 
and Equation 2. From the specification, the holdup time, th, is 10 ms. The value of minimum 
filter capacitance is calculated by allowing VcC2 to be 220 V. 


2 Pin th 

[(Vcci) 2 -(Vcc2) 2 ] 


(Eq.2) 


The term Pin is the input power supplied to the converter and based on a 65% 
efficiency, it is estimated to be: 


Pin 


5 Vx80 A + 10 Vx2.5 A + 26 Vx2 A 
0.65 


p IN = 734 W 
Therefore: 


C 


2x734 Wxl0xl0-3s 
[(261 V)2 - (220 V)2] 


= 744 /iF 


(Eq.3) 
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The capacitors Cl and C2 are connected in series for 240 Vrms operation, so the 
minimum value required of each is 2 x C or « 1488 fiF. 

Power Transformer Turns Ratio Estimate 


Equation (4) is used to estimate the transformer turns ratio. 

*l¥l 


= Np = Vp = 

N S Vs Vq + Vd + Vw + VreG 


where 


Np = number of turns on primary 
Ns = number of turns on secondary 
Vp = transformer primary voltage [or (Vcc)/(2)] 
6 = duty cycle (80% assumed) 

Vo = regulated output voltage 
Vs = transformer secondary voltage 
Vp> = rectifier conduction voltage 
V\y = power supply wiring voltage 
VREG = linear regulator voltage 

Turns Ratio Calculation for +5 V Output 
Assume: 


Vo 

= 5 V 


Vd 

= 0.6 

V 

Vw 

= 0.1 

V 

Vcc 

= 220 

V 

8 

= 0.8 


XT 

N1 


IN 

N2 



0.8 


220 V 


5 V + 0.6 + 0.1 V 


= 15.43 max 


(Eq.4) 



Turns Ratio Calculation for +10 V Output 


Assume: 


Vo 

= 10 V 

v D 

= 0.7 V 

Vw 

= 0.1 V 

VREG 

= 5V 

Vcc 

= 220 V 

8 

= 0.8 

XT 

N1 

IN 

N3 


08 p20V- 

+ 0.7 V + 0.1 V +5 V 


5.56 max 
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Turns Ratio Calculation for +26 V Output 
Assume: 


Vo 

= 26 V 

V D 

= 0.7 V 

v w 

= 0.1 V 

Vreg 

= 5 V 

Vcc 

= 220 V 

6 

= 0.8 

XT 

Nl 

IN 

N4 : 




26 V + 0.7 V + 0.1 V +5 V 


= 2.76 max 


Pulse Engineering Transformer PE63203 has turns ratio Nl: N2: N3: N4 of 14: 
1: 3: 6 and was selected for the application (see Figure 2). 

Based on the PE63203 transformer turns ratio of (N1)/(N2) = (14)/(1) = 14, the 
converter duty cycle, 6, is calculated for various 120-V ac input voltages (assume 35-V 
filter loss): 



Input (V) 

5 

96 

0.68 

120 

0.52 

132 

0.42 


Power Transformer Current Calculations 

The total power provided to the transformer secondaries is 


P(sec) * 80 A (5 V + 0.6 V + 0.1 V) 

+ 2 A (26 V + 0.7 V + 0.1 V + 5 V) 

+ 2.5 A (10 V + 0.7 V + 0.1 V + 5 V) 


P(sec) - 559.1 W. 

Assuming the inverter transformer efficiency is 95 %, the inverter input power is 


P (INV) * 

0.95 


559 W 
0.95 


588 W. 
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Under low line conditions, the maximum duty cycle is 0.68 and the voltage applied 
to the transformer primary Vp is 


Vcc _ 236 V 
2 2 


118 V 


The peak primary current is 


I P * P (INV) . 588 W ^ 7 3 A 

Vp 0.68 x118 V 

The actual peak current is estimated to be about 10% higher or «8 A due to 
magnetizing current in the inverter transformer and current variations in the output filter 
choke. 

Efficiency Estimate 

Regulated Output Power = Po 
PO = 5 VX80 A + 10 VX2.5 A + 26 Vx2 A 
P 0 = 488 W 

Input Power for 65% efficiency = Pin. 


’’to -is 


477 W 
0.65 


734 W. 


A power of 588 W has already been accounted for, so 146 W remains for power 
transistors, input rectifiers and wiring losses. 



Output Filter Design 


Choke Inductance Calculations 


The output inductor is selected to limit the ripple current the output capacitors must 
filter. Equation (5) is used to calculate the required inductance, L, once the AiL is defined. 
A AiL is equal to 15% of the maximum output current, Iq, is used in this design. 


T _ (Vo+Vp+Vw+VREG) (1 - fi)t 
Ai L 


(Eq.5) 


All Equation (5) symbols have been previously defined in Preliminary Calculations 
except t, which is the clock period of 25 fis. b is the converter duty cycle of 0.42, previously 
calculated, for 132-V ac input voltage. 
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Filter Inductance Calculations for + 5 V Output 
AiL = 0.15x80 A = 12 A 

j , (5 V + 0.6 V + 0.1 V)(l - 0.42)25 X 10-6 S 

Ll 12A 

LI > 6.9 *tH 

Filter Inductance Calculations for +10 V Output 
AiL = 0.15x2.5 A= 0.37 A 

IO (10 V + 0.7 V + 0.1 V + 5 V)(l -0.42)25 X 10 -6 S 
LZ ~ 0.37 A 

L2 > 619 nH 

Filter Inductance Calculations for +26 V Output 
AiL = 0.15X2 A = 0.3 A 

IO (26 V + 0.7 V + 0.1 V + 5 V)(l-0.42)25 x 10-6 S 
Li ~ 0.3 A 

L3 > 1537 nH 

Pulse Engineering laminated output inductors PE50742 (8 /tH), PE50731 (590 /xH) 
and PE50732 (2350 /*H) were selected for LI, L2, and L3 respectively. 

Output Capacitance Calculations 

Since the filter inductances have been chosen, the output capacitors can be selected 
to meet the ripple requirements. An electrolytic capacitor can be modeled as a series 
connection of an inductance, a resistance, and a capacitance. If good filtering is to be 
provided, the ripple frequency must be far below those at which the series inductance 
becomes important, so the two components of interest are the capacitance and the series 
resistance, R(\ To estimate the ESR ripple voltage, AVo(ESR)> it is assumed that all 
the ripple current in the inductor, AiL, flows through the output capacitance. 

AVO(ESR) = AiL RS (Eq-6) 

where 

A Vo = peak-to-peak ripple voltage due to ESR 
AiL = peak-to-peak ripple current 
Rs = capacitor ESR. 
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The peak-to-peak ripple voltage due to the capacitance is 
AV 0 (C) = ^ (Eq.7) 

where 

t = clock period = 25 x 10 " 6 S< 

Capacitance Calculation for + 5 V Output 

The peak-to-peak output ripple must, by specification, be less than 125 mV. 

The AiL will be limited by the 8 /xH filter inductor to < 10.3 A. 

The maximum capacitor ESR is then 
0 125 V 

R s * WX * 0 012 


The Sprague 674D159H7R5JT5A, 15,000-/xF/7.5-V capacitor was selected because 
it has a maximum ESR 0.01 Q and a maximum ripple current 12.3 A. The ripple due 
to capacitance is 


AVo(C) = 


10.3 Ax25x10~6 s 
8x15x10-3f 


which is negligible. 


2 mV 


Capacitance Calculation for -I-10 V Output 


Rs 


0.125 V 

< - < 

~ 0.37 A “ 


0.337 Q 



C 


0.37 Ax25x10-6 
0.125 V 


74 jtF. 


The Sprague 672D687H020ET5C, 680-/*F/20-V capacitor was selected because it 
has a maximum ESR 0.08 0 and a maximum ripple current 2.5 A. 

Capacitance Calculation for +26 V Output 


Rs 


_ 0.125 V 
“ 0.3 A 


< 0.416 Q 


C 


0.3 A X 25 X 10 ~ 6 

0.125 V 


< 60 fiF 


The Sprague 672D337H040ET5C, 330-/xF/40-V capacitor was selected because it 
has a maximum ESR 0.2 fi and a maximum ripple current 2 A. 
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Magnetic Design 


20-kHz Power Transformer 


A ferrite “E” core with a rectangular center leg is used for the power transformer. 
Dimensions are shown in Figure 4. This is generally the most economical shape and is 
easy to wind and insulate. The core has a throughput power rating of 620 W for a 40 °C 
temperature rise. 




Figure 4. Core Dimensions 


The coil is designed with 8-mm creepage/clearance and three layers of 0.1-mm thick 
insulation between the primary and secondaries to comply with the most common 
international safety requirements for construction. The 5-V winding is wound with copper 
foil for low ac winding resistance at 20 kHz. To further reduce ac resistance and to minimize 
leakage inductance of the 5-V output, windings are arranged as shown in Figure 5. Low 
leakage inductance is illustrated by the low voltage overshoot at the start of “dead-time” 
in Figure 26. Data for this application are tabulated in Table 1. 
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Table 1. Power Transformer Data 




1/2 

Primary 

5 V 

Secondary 

10 V 

Secondary 

26 V 

Secondary 

Turns 


28 

CM 

1 

O 

1 

CM 

CO 

1 

0 

1 

CD 

12-0-12 

Conductor Size 


19 AWG 

2X.01 Cu 

22 AWG 

22 AWG 

Pk Term, Voltage 


100 

7.96 

23.57 

47.1 

DC Term, Voltage 

- 

5.66 

16.97 

33.9 

DC Current, A 


- 

80 

2.5 

2.0 

RMS Wdg Current 

© 

5.72 

52.5 

1.64 

1.31 

Throughput Power, 

w 

562.2 

452 

42.4 

67.8 

DC Resistance, 


0.079 

0.0007 

0.095 

0.185 

AC Resistance, 


0.130 

0.0007 

0.100 

0.194 

Copper Loss, W 

© 

2.13© 

1.93 

0.27 

0.33 


Total Cu Loss: 4.66 Core Loss: 1.04 Total Loss: 5.7 W @ 
© Primary halves parallel connected. 

(2) Nominal primary leakage inductance: 3 fiH (5-V Secondary shorted) 
(5) Primary throughput power = L (dc Term Voltage) x(dc Current) 

(5) Transformer efficiency = 99% at 562 W throughput power. 

(D At 72% duty cycle. 


10 V SECONDARY | | 26 V SECONDARY 
1/2 PRIMARY 


5 V SECONDARY 


|_ 1/2 PRIMARY _I 

ciz— 

COIL FORM- S 

Figure 5. Coil Construction 

20-kHz Base-Drive Transformer 

The design objectives for the base-drive transformers were to provide: 

1) Base current of 1.0 A minimum 

2) Fast base-current rise time 

3) Simple means to clamp dead-time voltage 

4) Balanced secondary waveforms 

5) Insulation for off-line operation. 
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To meet the first objective, ferrite E cores sized to limit temperature rise to 40 °C 
were selected. E cores are easier to insulate reliably for off-line operation than toroids 
or more complex shapes. Units are fully encapsulated for improved insulation and thermal 
characteristics. The transformers will withstand 1500 Vrms dielectric strength test between 
base windings. Temperature rise is under 40 °C at 1.5 A base current. 

To obtain fast base-current rise time, minimum turns limited by core saturation are 
used and the base windings are tightly coupled to the primary. The clamp winding is also 
tightly coupled to the primary to assure effective core shorting during the dead time using 
the circuitry described in the Preliminary Calculations Section. 

The winding sequence of Figure 6 is used to obtain coupling requirements. Base 
windings are multifilar wound for balanced drive. 



Figure 6. Winding Sequence 



A simplified equivalent is shown in circuit Figure 7 and calculations are discussed. 

From catalog data for Pulse Engineering PE62129, the internal secondary resistance 
(R s i) is 0.14 Q, yielding a typical internal voltage drop of 0.14 V/A amp of load current. 
Since this is usually negligible, the following are reasonable approximations: 


Secondary terminal voltage (V s ): 


Vs = V in /n 

Peak secondary current (I s ): 


(Eq.8) 


Is 




VBE 


Rb 

Note: I s = lBl 
Solving Eq. 9 for Rb: 


Rb = 


_v s - 


VbE 


(Eq.9) 


(Eq. 10) 
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NOTE: R sj = SECONDARY INTERNAL RESISTANCE = R p /n 2 + R $ 

R b = BASE CURRENT LIMITING RESISTOR 
R p = PRIMARY WINDING RESISTANCE 
R s = SECONDARY WINDING RESISTANCE 
n = PRIMARY TO SECONDARY TURNS RATIO 

Figure 7. Simplified Transformer Equivalent Circuit and Calculations 


Peak primary current (Ip): 


! p <Equ) 

Note: K is the number of secondaries conducting at any time (secondaries assumed 
identical). The second term is the peak value of the current ramp due to 
primary inductance. 

Leakage inductance impacts the rate of current rise after the load semiconductor 
starts conducting. Rise time (t r ) is approximately: 



t - 2 2 l L 

r Re 


(Eq.12) 


Note: R e is the effective secondary load resistance and is nonlinear. To estimate 
rise time, take R e = V s /I s 

Calculations for this application (Figure 7): 

Conditions: 

Circuit 
Input voltage 
Turns ratio 
Power-on time 
Primary inductance 
Leakage inductance 
Base-emitter voltage 


Half-bridge (K = 1) 

14 V 
n = 3 

ton = 18 fiS maximum 

L p = 1.25 mH 
Ll = 0.85 fiU 
VbE= 1 v 
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Determine Ibi to obtain Rb = 5 Q 
V s = 14/3=4.67 V 


from Eq.8 

iBi = 4 ' 67 ~ — = 0.73 A from Eq.9 

since Igl = Is 

Determine peak primary current: 


I 


P “ 


-X0.73 + 
3 

0.44 A 


14x18x10-6 

1.25x10-3 


0.24 + 0.20 


Estimate base current rise time: 


from Eq.ll 


tr = 


2.2x0.85x10-6 

4.67 


0.4 /is 


from Eq.12 


Note: This yields (3 = 10 which is satisfactory. Ibi could be increased to 1 A at 
the expense of increased losses by reducing Rb to 3.5 Q. 



Waveforms for a load as shown in the equivalent circuit with Rb = 2.5 Q and 
Vbe = 2 V are shown in Figure 8. 

Current Sense Inductor 

From Figure 9, it can be seen that magnetizing current is “robbed” from the input 
current. This results in a droop of the voltage waveforms with rectangular current pulses. 


Primary voltage is: 




(Iin-Im) (Rs+Rser + Rt) 

v p 


n2 

Iflm 

< 

<Iim 

v n 


Iin(Rs + Rser + Rt) 

v p 


n2 

And the 

output voltage is: 

Vo 

= 

lin Rt 

n 
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< 
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> 



1 0 jus/DIV 


Figure 8. 20-kHz Base-Drive Transformer Waveform 



R p = PRIMARY WINDING RESISTANCE 
R s = SECONDARY WINDING RESISTANCE 
R ser = EXTERNAL RESISTANCE IN SERIES WITH 
TERMINATING RESISTOR 
R t = TERMINATING RESISTOR 


L p = PRIMARY INDUCTANCE 

n = PRIMARY-TO-SECONDARY TURNS RATIO OR 

SECONDARY TURNS FOR ONE TURN PRIMARY 

l jn = INPUT CURRENT 

l m = MAGNETIZING CURRENT 
m 

l s = SECONDARY CURRENT 


NOTE: PRIMES FOR SECONDARY VALUES REFERRED TO PRIMARY. 

Figure 9. Simplified Equivalent Circuit 


If the primary is one turn and the terminating resistor ohmic value equals turns, 
output voltage is 1 V/A of output current (scale factor). The scale factor is proportional 
to the terminating resistor and independent of winding and other series resistances. 
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For minimum output voltage droop, magnetizing current must be low. For rectangular 
pulses, magnetizing current is approximately: 


r ~ V p ton ^ lin (&s + Rser + Rt) Ion 

A m = — 1 - = --- 

Lp n^Lp 

This neglects voltage droop. 

The PE51719 has 100 turns on each side of the center tap. Resistance of each side 
is 2 0. A one-turn primary has 2-/*H inductance and will support a 4 V-^s unipolar, or an 
8 V-fis bipolar waveform. 

For this application, peak input current is 8 A and maximum t on is 18 fxs. A diode 
is in series with the 100-11 terminating resistor R32. Assuming 0.6-V drop, effective diode 
resistance is approximately 0.6 n/Ii n = 0.6(100)8 = 7.5 0. Shunting of R31, R30, and Q6 
is negligible. Magnetizing current is approximately: 


8(2 + 7.5 + 100)(18x 10-6) 
1002 (2x10 - 6) 


0.79 A 



This results in output voltage droop of about 10%. Vpt 0 n is 1.75 W-fis which is well within 
the 8 V-fis rating. Droop and scale factor could be reduced by using a smaller terminating 
resistor. 

Local Power Supply 

The function of the local (auxilliary) power supply is to provide the TL494 control 
circuit and the base drive section with a source of regulated power. The anticipated power 
requirement for the TL494 is 100 mA at 15 V and the anticipated base drive section power 
requirement is 500 mA at 15 V. The estimated total regulated power is therefore 600 mA 
at 15 V. A 60-Hz transformer, rectifier, linear regulator system was selected. 


The secondary voltage rating, Vs, of the transformer was then calculated based on 
(Eq.13). 


v Vd + AVc + VreG + VQ 

V2 

where 

VrEG = linear regulator A Voltage = 3 V 
Vd = rectifier voltage = 1 V 
AVc = filter capacitor voltage swing = 4 V 
Vo = regulated output voltage = 15 V 


VS 


1 y+4 V + 3 V + 15 V 


16.3 Vrms 


(Eq.13) 
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The nearest commercial transformer secondary voltage value to 16.3 V is probably 
24 V, therefore the wattage rating of the 60-Hz transformer should be 14.4 W, i.e., 

VA = (24 V) (0.6 A) = 14.4 W. 

The input filter capacitor, CIO, minimum value was determined to be 846 /*F based 
on (Eq.14). A 1000-/>iF/50-V capacitor was selected. 


cio = 2 x Pin x th 

[(VCC1) 2 -(VCC2) 2 ] 

where 

PIN = 0.6 Ax 18 V = 10.8 W 
th = hold-up time = 10 X 10 “3s 
VCCI = V2X24 V= 33.9 V 
VCC2 = V2X24 V-4 V= 29.9 V 

Control Circuit 


(Eq. 14) 


Description 

The TL494 integrated circuit (Figure 10) was selected for the control of the power 
supply over a discrete design to take advantage of the lower component count with the 
TL494. 

In addition to the basic functions of oscillator, pulse-width modulator, and error mm 
amplifier, the circuit also provides independent dead-time control and overcurrent detection. ^ 

The TL494 supply voltage can be varied in the range 7 V-40 V. The reference 
voltage developed on the integrated circuit is 5 V ± 5 % and is set by a bandgap reference 
giving excellent immunity to supply and temperature variation. 

The TL494 also has an output control logic feature which allows single-ended (90% 
max duty cycle) or push-pull operation (45% max duty cycle at each output). 

Oscillator 

The TL494’s oscillator frequency is programmed with an external capacitor and an 
external resistor, pins 5 and 6. The oscillator clock frequency, f G p, must be set at 40 kHz 
for the converter to operate at the specified 20 kHz. 
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(Eq.15) 


^°P 2 Rt Cj 

Choose Ct = 0.001 fiF and calculate Rj. 


2x20x103x0.001x10-6 
= 25 kO 


Dead-Time Generator 

The duty cycle must not be limited to less than 68% or the supply may not be able 
to output rated voltage at low input line voltage. It is also important to limit the maximum 
duty cycle to 86% or less to allow the TIPL755 power switches 3.5 fis of storage time. 
An 80% duty cycle design was selected. By choosing R23 = 1 kO, R22 was calculated 
to be 9 kQ. 


td 


_3_V_ 

0 1 V + 5 v[-—— 
u.i v+o v 



where 

t = 25 fis = clock period 
td = 5 fis = dead time 
R23 = 1 kfl 

The dead-time generator circuit is shown in Figure 11. 


(Eq. 16) 



PIN NO. 

1 . 

2 . 

3. 


6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 


FUNCTION 

ERROR AMP. 1, NONINVERTING INPUT 
ERROR AMP. 1, INVERTING INPUT 
COMPENSATION INPUT 
DEAD TIME CONTROL INPUT 
OSCILLATOR TIMING CAPACITOR 
OSCILLATOR TIMING RESISTOR 
GROUND 

DRIVE TRANSISTOR 1, COLLECTOR 
DRIVE TRANSISTOR 1, EMITTER 
DRIVE TRANSISTOR 2, EMITTER 
DRIVE TRANSISTOR 2, COLLECTOR 
INPUT SUPPLY 
OUTPUT MODE CONTROL 
STABILIZED REFERENCE VOLTAGE 
ERROR AMP 2, INVERTING INPUT 
ERROR AMP 2, NONINVERTING INPUT 


Figure 10. TL494 Block Diagram and Pin Assignments 
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+ 5 V 



Figure 11. Dead-Time Generator 

Error Amplifier 

The error amplifier (Figure 12) compares a sample of +5-V output to a voltage 
reference and adjusts the pulse-width modulator to maintain the proper output. It also 
contains the compensation input for the network which shapes the frequency response of 
the regulator so that it is stable over the range of the line and load variations. 

Protection Networks 


Soft-Start Circuitry 

In order to reduce the stress on the TIPL755 power switches at power supply startup, 
it is necessary to reduce the startup surge which is otherwise seen as the output filter 
capacitors charge. 

By applying a negative slope waveform to pin 4 of the TL494’s dead-time comparator, 
this “soft-start” characteristic is achieved, allowing the pulse width at the output stage 
to increase slowly (Figure 13). 
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The soft-start timing capacitor is selected to provide a time constant, tc 0ns t, which 
is approximately one-third the desired output rise time, t r , of 50 ms. 


(Cl5) (R22XR23) 
‘const " 1/3 tr - [R22 + R23] 


or 


C15 


r irR22+R23 

L 1/3 tr jLR22xR23. 


C15 is calculated to be 18 /*F 


where 

t r = 50 ms 
R22 = 9 kG 
R23 = 1 k!2 


(Eq.17) 



R14 POTENTIOMETER SET MID VALUE 

Figure 12. Error Amplifier 


4-202 







-PIN 4 VOLTAGE 

_OSCILLATOR RAMP 
VOLTAGE, PIN 5 




DRIVE 

SIGNAL 


ji_nr - ir _ u — L 


Figure 13. Soft-Start Circuit 



Undervoltage Protection 

In the low supply condition, (VcC ^ 7 V), correct operation of the control logic 
cannot be guaranteed even when pin 13 is correctly wired to the regulated voltage source 
and the pulse-steering flip-flop is enabled. Under this low voltage condition, simultaneous 
conduction of both outputs may occur and, of course, TIPL755 immediate destruction 
is certain to follow. 

The circuit shown in Figure 14 is designed to cause Q5 to be turned on when 
VCC — 9.4 V. This Q5 on condition causes the reference voltage to be applied to pin 4 
of dead-time comparator which causes both outputs to be disabled. (The TL494A has a 
monolithic undervoltage protection network and its use eliminates the Figure 14 circuit.) 
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Figure 14. Undervoltage Protection Circuit 

The Rll, R12 voltage divider was designed according to Equation 18. 



[vcC(min)] v R- v BE(Q5) 


where 


VcC(min) = 9.4 V 

Vr = 5 V = reference voltage 
VBE(Q5) = 0.7 V (assumed) 

R12 = 4.7 kQ 

Overcurrent Protection 


(Eq.18) 


A current sense inductor, T4, is placed in the primary side of the power transformer, 
T3, so that it will be responsive to core saturation as well as provide overcurrent limiting 
by use of the TL494 dead-time control input (Figure 15). 

The load fault primary current, Ip, chosen for the design is 8 A based on the peak 
primary current calculation of the Preliminary Calculations Section. 

Pulse Engineering current sense inductor PE51719, when connected to a 100-Q 
terminating resistance, is designed to generate an output voltage, V G , of 1 V/A. Therefore, 
at the 8-A fault condition, an output voltage, V 0 , of approximately 8 V will be produced. 
At V 0 = 8 V, the voltage divider network consisting of R30 and R31 is designed to turn 
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Figure 15. Overcurrent Protection Circuit 


on Q6 which turns on Q5. The turned-on Q5 applies the + 5 V reference voltage to pin 4 
of the dead-time comparator. The reference voltage on pin 4 causes the output drive to 
be terminated and also toggles the pulse-steering flip-flop to the other output drive prior 
to the completion of the oscillator period. However, both output drives are inhibited because 
C15 is discharged through the turned-on Q5 and this action causes a voltage to remain 
on pin 4 until C15 can charge through R23 according to the normal “soft-start” mode 
described in this section. 

Overvoltage Protection Circuit 

The MC3423 is used to sense an overvoltage condition at the 5-V/80-A output and 
will trigger the crowbar SCR2. The trip voltage is programmed at 5.3 V, reference 
Equation 15. See Figure 16. 
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+5 V 


TO AUX POWER SUPPLY 



Figure 16. Overvoltage Protection Circuit 

Vtrip «Vref[i+ |p] (Eq. 19) 

where 

R36 = 4.7 kfl 
R37 = 5.1 kfl 
Vref = 2.75 V max 

The MC3423 is also programmed for a 40-/*s minimum duration of overvoltage 
condition, td, before triggering, thus supplying noise immunity, reference Equation 20. 

td « [l .2 X 104] C20 (Eq.20) 

where 

C20 = 0.0033 fiF 
^ = fis duration overvoltage 

Any overvoltage condition that causes crowbar SCR2 to fire also causes a signal 
to be concurrently sent to SCR1 and it is also caused to fire. The turned-on SCR1 provides 
base current to Q5. Q5 turns on and provides * 4 V to the TL494 dead-time control, 
which shuts down the converter and thereby prevents the crowbar SCR from destruction. 
To reset, the power supply must be turned off for at least 15 seconds. 
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Base Driver Section 


The base driver section is designed to provide an electrical isolation interface between 
the TL494 control circuit and the TIPL755 power transistor switches. This driver section 
also provides current outputs of approximately 1 A to the bases of the power switches. 
It is necessary to provide about 1-A base drive in order for the TIPL755s to switch as 
much as an 8-A transformer primary current. 


To provide the required isolation, Pulse Engineering’s 20-kHz Base-Drive 
Transformer PE62129, with two secondaries, was selected. This transformer is designed 
with a 15:15:5 turns ratio and 15-V input, 5-V/l .5-A output. An important feature of this 
base drive transformer is that a clamp winding is provided to eliminate switching transients 
during the turnoff or converter “dead-time” interval. The clamp winding is shorted to 
ground during the converter “dead-time” by means of a 1/2 SN75413 OR driver that 
has its two inputs connected to the respective TL494 outputs. The TL494 is operating 
in a push-pull mode so that one output is high while the other is low, except during the 
“dead-time” interval when both emitter follower outputs are low, e.g.: 


(“Dead-Time”) 


(“Dead-Time”) 


TL494 Outputs 

(SN75413 Inputs) SN75413 

Output A Output B Output 

H L H 

L L L 

L H H 

L L L 


When driving a 1-A load, the PE62129 primary current is estimated to be = 0.44 A 
(see the Magnetic Design Section). The maximum current of the TL494 output transistors 
is only 250 mA, therefore a predriver stage was needed. To meet this requirement, the 
ULN2066, which has a 1.5-A current rating, was selected to drive the transformer primary. 
Because the transformer primary is connected in a push-pull configuration operating from 
+ 15 V, the ULN2066 must switch 30 V or double the + 15-V supply. The ULN2066 
has a 50-V rating; therefore, an approximate 20-V safety margin exists. To provide a low 
impedance off-drive for a reduction of storage time and fall time of the power switches, 
the circuit shown in Figure 17 was incorporated into the design to provide approximately 
1.5-A Ib 2 reverse-bias current. 



Feedback Loop Stabilization 


Many papers have been written concerning the mathematical analysis of feedback 
loop phase-gain calculations and equipment measurement techniques. Some of these papers 
are listed in the references. The error amplifier and loop compensation network design 
methods used in this report are based on techniques presented in the Texas Instruments 
Incorporated, Switching Power Supply Design Student Guide , Chicago Regional Technology 
Center. 
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Figure 17. Base Driver Section for Power Converter 

This power supply system is described by a total linearized single-loop model made 
up of five stages, as shown in Figure 18. 



Figure 18. Linearized Loop Model 









Km: Pulse-Width Modulator Gain 

The pulse-width modulator converts an error voltage into a drive pulse width. Its 
gain is the change in pulse width resulting from a change in error voltage. The modulator 
used in the TL494 is a comparator with a triangular wave applied to one input and the 
error signal applied to the other; drive command duration is equal to the time the sawtooth 
exceeds the error voltage. The drive pulse width changes from maximum to minimum 
as the error signal changes from the minimum ramp value to its maximum. 

Therefore 


__ lon(max) ” kmOnin) 

V ramp(min) “ V ramp(max) 

where 

ton(max) = maximum drive period — t — 25 /xs 
ton(min) = minimum period = 0 
Vramp(min) » 0 V 
Vramp(max) * 3 V 

Km = = -8.34 iis/V 

Kc: Converter Gain 

The gain of the converter is the change in output voltage relative to a change in 
drive pulsewidth. 


Aton 


where 


VCC = converter input voltage = 290 V 
n = turns ratio = 14 
VD = rectifier drop * 1 V 
t = clock period = 25 fis 
290 V , „ 


2x14 


0.37 W/fis. 


G(s): Output Filter Response 

The model shown in Figure 19 is used to predict the low-pass filter response and 
filter break frequency, ff. 
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where 

L = output choke inductance * 8 11 H 
C = output capacitance * 15,000 fiF 
R-S = wiring and choke resistance * 0.01 12 
RC = output capacitor ESR * 0.006 12 
RL = load resistance « 0.0625 12 minimum 

without going through the mathematics, 


G(s) 


Vo (s) 
Vi (s) 



R C Rl (s + 1/RcQ/L (Rl + Rc) 


s2 + 


. 1 _| Rs [ Rl Rc | Rs + R l 

’[(RL + R c )C L L(R L + Rc)J 


L(R L + Rc)| L(R L + Rc)C 
The open-loop response of the regulator is 


= KmxKcxG(s) 
v in 

The filter break frequency is 
1 


ff = 


2 7T VLC 


2 W8xl0-hHxl5,000xl0-6F 

A compensation network was designed to provide a zero, f z \ near the filter break 
frequency, ff, and a pole at a much higher frequency, fp2, where the response has already 
gone through unity. Since very high gains at low frequencies are required for dc accuracy, 
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an additional pole, fpi, and a zero, f z 2, are required. The pole, fpi, is positioned at 50 Hz 
to reduce the gain sufficiently for the regulator response to go through unity gain, fj, 
beyond the filter breakpoint but well below the regulator operating frequency, 
f Q = 20 kHz. The zero, f z 2, is positioned at the filter break frequency to cancel the slope 
of the response due to the filter low frequency pole. The net effect is an open-loop response 
with a slope of approximately -20 dB/decade through unity gain, see Figure 20. 




Figure 20. Frequency Response Curves 
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The following equations and chosen values were used to calculate the component 
values for the compensation network, see Figure 21. 



ff - fzl - 


where 


1 


2 ttVLC 


R13 


ft = 2000 Hz = 


(R13+R15) 


KmxKc 


f za = 50 Hz = 
fpl = 50 Hz = 
f z l = 460 Hz = 
f z2 = 460 Hz = 


fp2 = 8,000 Hz = 
fp3 = 40,000 Hz = 


2 it R19 C17 

_1_ 

2 ir(R20 + R19) C17 

_ 1 _ 

2 ir[(R13||R15) + R16] C13 

1 

2ir R16 C13 

_ 1 _ 

2ir (R13 + R21) C16 

1 


2ir [(R131R151| R16) + R21] C16 

. _1_ 

’ 2ir (R13||R15||R21 ||R16) C14 


L = 8 /iH 
C = 15,000 iiF 
Km = 8.34 /rs/V 
Kc = 0.37 V//*s 
C17 = 0.02 nF 
C13 = 0.47 fiF 
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Measurement Results and Conclusions 

Measurements of load and line regulation were made at various input voltages while 
load conditions were changed from 5 A to 80 A at each input voltage. The overall regulation 
of each of the 10-V and 26-V outputs, which are regulated by linear regulators, was 
measured as better than 1%. The overall regulation of the 5-V, 80-A output, which is 
regulated by the TL494 master control, was measured as 0%. The test results are shown 
in Table 2. 

The 40-kHz ripple of the 5-V output was measured as approximately 60 mV peak- 
to-peak (Figure 22). The ripple across the 60-Hz input line voltage capacitors under 80-A 
full-load conditions was measured as approximately 11-V peak-to-peak (Figure 23). 


4-213 


Design Considerations 





Design Considerations 



VERTICAL: 50 mV/cm 


HORIZONTAL: 2 ms/cm 


v IN= 120V rms 
; 304 V dc 
■ 80 A/5 V 


v cc 

LOAD 


Figure 22. The 40-kHz 5-V Output Filter Ripple 




VERTICAL: 2 V/cm HORIZONTAL: 2 ms/cm 


V IN = 120V rms 
V cc = 304 V dc 
LOAD = 80 A/5 V 


Figure 23. The 60-Hz Input Line Filter Ripple 
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One of the more important accomplishments of this work was the design and a 
subsequent successful evaluation of the overcurrent network described in the Protection 
Network Section. This network, consisting in part of current sense inductor T4 that is 
placed in the primary side of the power transformer T3, not only proved its capability 
to provide short circuit protection for the 80-A output but it also eliminated the need for 
a capacitor to be connected in series with the primary of the power transformer T3. Usually 
in bridge-type converter circuits, a low ESR, high-voltage capacitor is required to be 
connected in series with the primary of the power transformer to provide protection against 
transformer core saturation due to the switching time differences of the power transistors. 

Table 2. Measured Regulation Characteristics 


V|N 

INPUT 

Vcc 

LINE 

■ 

a 


■ 

- 26 V 


o - 10 V 

LINE 

VOLTAGE 

(Vrms) 

FILTER 

VOLTAGE 

(Vdc> 

Vom 

(V) 

(A) 

% REG* 

§> 

> - 

*o 

(A) 

% REG* 

Vom 

(V) 

(A) 

% REG* 

96 

237 

Egg 

80 



2 

0.115 

10.09 

2.5 

magm 

H 

5 



2 

-0.384 

10.08 

2.5 

EEB 

120 

304 

m 

80 

0 

RSSjf 


0.115 

10.08 

2.5 


a 

5 

0 



0 

10.08 

2.5 

WSM 

132 

335 

m 

80 


mgci 


0.11 

10.08 

2.5 

mm 

■ 

5 




-0.038 

10.08 

2.5 



*% Regulation = Vom - — x100% 
Vo 



Figure 24 shows the T3 power transformer primary current, thereby illustrating the 
excellent current symmetry characteristic obtained under various input voltage conditions 
of 96 V rms , 120 V rms , and 132 V r ms during constant 100% load. 

Figures 25 and 26 of the TIPL755 power transistor’s collector voltage and current 
characteristics illustrate the TIPL755 very fast switching speed that was obtained by use 
of the Base Driver Section. 
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Figure 24. Power Transformer Primary Current 
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1 



■ f f 




VERTICAL: Iq = 2 A/cm 

V CE = 100 V/cm 
HORIZONTAL: 10 jus/cm 

V IN = 132 V rms 
V cc = 335 V dc 
LOAD = 20 A/5 V 


Figure 25. TIPL755 Power Transistor Switching Characteristics 



VERTICAL: l c =100% 

V C£ = 100% 

HORIZONTAL: 1 n s/cm 

V IN = 132 V rms 
V cc = 335 V dc 
LOAD= 20 A/5 V 


Figure 26. TIPL755 Power Transistor t X o Switching Characteristics 

Measurements of the overall power supply efficiency were made at various input 
voltages, while load conditions were changed from 50% to 100% full load, at each input 
voltage. An efficiency of 65 to 67% was measured, see Table 3. 

In conclusion, the measurement results that were obtained proved the power supply 
described in this report did meet or exceed all of the requirements of the Power Supply 
Specification. 


Figure 27 shows the power supply as constructed for this report. 
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Table 3. Power Supply Efficiency and Power Factor 



POWER OUTPUTS 


POWER FACTOR 


% EFFICIENCY 
P 1 +P2 + P3 


k rms' 































ALL RESISTOR VALUES ARE IN OHMS. ALL RESISTORS 
ARE 1/4 W, 5% TOLERANCE UNLESS OTHERWISE NOTED. 
ALL CAPACITANCE VLAUES ARE IN pF UNLESS 
OTHERWISE NOTED. 




Figure 28. 500-W, 80-A Switching Power Supply 
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Parts List 


QTY. 

CIRCUIT 

DESIGNATOR 

DESCRIPTION 

2 

Cl. C2 

2500-/iF, 250-V Electrolytic Capacitor, Sprague 
36DX252F250BF2A 

2 

C3, C4 

25-/*F, 25-V Electrolytic Capacitor, Sprague 500D 

2 

C5,C6 

0.0056-jiF, 600-V Polypropylene Capacitor, Sprague 

715P56296JA3 

2 

C7, C8 

4-/tF, 400-V Polypropylene Capacitor (made up of 2 
each 2-yJr Sprague 735P205X9400UTL in parallel) 

1 

CIO 

1000-fiF, 50-V Electrolytic Capacitor, Sprague 

674D108H050HL5A 

1 

C11 

270-/*F, 50-V Electrolytic Capacitor, Sprague 

674D277H050HE5A 

1 

Cl 2 

100-^tF, 50-V Electrolytic Capacitor, Sprague 
672D107H050DT5C 

1 

C13 

0.47-^F, 100-V Mylar Capacitor, Sprague 225P 

2 

C14, C19 

0.01 -fiF, 200-V Mylar Capacitor, Sprague 

1 

Cl 5 

25-fiF, 12-V Electrolytic Capacitor, Sprague 500D 

1 

Cl 6 

0.033-jiF, 100-V Mylar Capacitor, Sprague 225P 

1 

Cl 7 

0.022-/tF, 100-V Mylar Capacitor, Sprague 225P 

1 

C18 

0.001 -/*F, 200-V Mylar Capacitor, Sprague 192P 

1 

C20 

0.0033-/aF, 100-V Mylar Capacitor, Sprague 225P 

2 

C23, C24 

0.056-/aF, 200-V Polypropylene Capacitor, Sprague 

715P56392K 

1 

C25 

15,000-/xF, 715-V Electrolytic Capacitor, Sprague 

674D159H7R5JT5A 

5 

C26, C28, C30, C32, C34 

0.1 -/aF, 200-V Polypropylene Capacitor, Sprague 

715P10402L 

1 

C27 

680-/aF, 20-V Electrolytic Capacitor, Sprague 

672D687H020ET5C 

1 

C29 

330-/xF, 40-V Electrolytic Capacitor, Sprague 
672D337H040ET5C 

1 

D1 

25-A, 600-V Bridge Rectifier, Varo VT600S 

12 

D2, D3, D6, D7, D8, D9, 
DIO, Dll, D18, D19, D20, 

D21 

1N4001 Diode 

2 

D4, D5 

4-A, 600-V Fast-Recovery Diode, TRW DSR5600X 

2 

D12, D13 

75-A, 45-V Power Schottky Diode, TRW SD75 

2 

D14, D15 

10-A, 200-V Fast-Recovery Diode, Varo VH248X 

1 

IC1 

15-V, 1.5-A Positive Voltage Regulator, Tl uA7815C 


4-222 







PARTS LIST (continued) 


QTY. 

CIRCUIT 

DESIGNATOR 

DESCRIPTION 

1 

IC2 

5-V, 1.5-A Positive Voltage Regulator, Tl uA7805C 

1 

IC3 

Pulsewidth Modulator Control Circuit, Tl TL494CN 

1 

IC4 

Overvoltage-Sensing Circuit, Tl MC3423CP 

1 

IC5 

High-Current Darlington Switch, Tl ULN2066B 

1 

IC6 

Peripheral OR Driver, Tl SN75413 

2 

IC7, IC8 

1.5-A, 3-Terminal Adjustable Regulator, Tl LM317 

1 

LI 

Output Inductor, 8-^H, 100-A, Pulse Engineering 

PE50742 

1 

L2 

Output Inductor, 590-/*H, 4-A, Pulse Engineering 

PE50731 

1 

L3 

Output Inductor, 2350-jtH, 2-A, Pulse Engineering 

PE50732 

1 

T1 

60-Hz Auxiliary Transformer, Triad-Utrad F-211Z 

1 

T2 

20-kHz Base Drive Transformer, Pulse Engineering 

PE62129 

1 

T3 

20-kHz Switching Transformer, Pulse Engineering 

PE63202 

1 

T4 

Current Sense Inductor, Pulse Engineering PE51719 

1 

Z1 

Line Filter, 220-V, 10-A, Pulse Engineering PE622A10 

1 

R1 

100-kO Resistor, 1/4 W, 5% 

1 

R2 

Thermistor, 2.5 0 (cold), 0.045 0 (hot), 10-A, 5%, 
Rodan-Surge-Guard SG-7 


R3, R4 

3.5 kO Resistor, 10 W, 5% 


R5, R7 

5-0 Resistor, 5 W, 5% 


R6, R8 

68-0 Resistor, 1/4 W, 5% 


R9, RIO 

50-0, Resistor, 12 W, 5% 

1 

R11 

5.6-kO Resistor, 1/4 W, 5% 

2 

R12, R36 

4.7-kO Resistor, 1/4 W, 5% 

2 

R13, R15 

12-kO Resistor, 1/4 W, 5% 

1 

R14 

Potentiometer, 1 kO 

1 

R16 

750-0 Resistor, 1/4 W, 5% 

2 

R17, R18 

470-0 Resistor, 1/4 W, 5% 

1 

R19 

6.8-kO Resistor, 1/4 W, 5% 

1 

R20 

130-k0 Resistor, 1/4 W, 5% 

1 

R21 

1.5-kO Resistor, 1/4 W, 5% 

1 

R22 

Potentiometer, 20 kO 

5 

R23, R33, R34, R47, R54 

1-kO Resistor, 1/4, 5% 

1 

R24 

27-kO Resistor, 1/4 W, 5% 
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PARTS LIST (continued) 


QTY. 

CIRCUIT 

DESIGNATOR 

DESCRIPTION 

1 

R25 

Potentiometer, 10 kO 


R26, R27 

51-fi Resistor, 1/4 W, 5% 


R28, R29 

330-0 Resistor, 1/4 W, 5% 


R30, R37 

6.1-kO Resistor, 1/4 W, 5% 

1 

R31 

56-kO Resistor, 1/2 W, 5% 

1 

R32 

100-0 Resistor, 1/4 W, 5% 

1 

R35 

47-0 Resistor, 1/4 W, 5% 

1 

R40 

10-0 Resistor, 1/4 W, 5% 

2 

R41, R42 

10-0 Resistor, 1/2 W, 5% 

1 

R43, R50 

0.5-0 Resistor, 2 W, 5% 


R44, R51 

1-0 Resistor, 1 W, 5% 


R45, R52 

100-0 Resistor, 1/4 W, 5% 


R48, R55 

82-0 Resistor, 1/4 W, 5% 

1 

R49 

590-0 Resistor, 1/4 W, 1% 

1 

R56 

1.6-kO Resistor, 1/4 W, 5% 

2 

Q1, Q3 

10-A, 800-V, NPN Fast-Switching Transistor, TIPL755 

2 

Q2, Q4 

6-A, 40-V, NPN Transistor, TIP41 

1 

Q5 

0.2-A, 40-V, PNP Transistor, A8T3702 or MPS3702 

1 

Q6 

0.8-A, 50-V, NPN Transistor, A8T3704 or MPS3704 

2 

Q7, Q9 

6-A, 40-V, PNP Transistor, TIP42 

2 

Q8, Q10 

5-A, 60-V, PNP Darlington Transistor, TIPI 25 

1 

SCR1 

Sensitive-Gate Thyristor, 2N5060 

1 

SCR2 

12-A, 100-V Thyristor, TIC126A 

1 

HS1 

Schottky Rectifier Heat Sink, Thermalloy 6423B 

1 

HS2 

Power Transistor Heat Sink, Thermalloy 6123B 

1 

HS3 

Clip-On Heat Sink, Linear Regulators, Thermalloy THM 6038B 

1 

HS4 

Power Transistor Heat Sink, Thermalloy THM 6025 

1 

11 

Indicator Light 

1 

SI 

Klixon 15-A Circuit Breaker, Tl MC8-122-15 

1 

S2 

Triple-Pole, Double-Throw Switch 
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ORDERING INSTRUCTIONS 


ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed 
in the page heading regardless of package. The availability of a circuit function in a particular package is denoted 
by an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to 
mechanical outline drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained in 
the following example. 


EXAMPLE: 


JG /883B 


Prefix - 


MUST CONTAIN TWO OR THREE LETTERS 

TL. Tl Linear Products 

STANDARD SECOND-SOURCE PREFIXES 


LT . . . 

. . Linear Technology 

SG . . . 

.... Silicon General 

LTC . . 

. . Linear Technology 

uA . . . . 

, . . Fairchild/National 

LM . . . 

. National 

UC . . . 

. Unitrode 

MC . . 

. Motorola 




Unique Circuit Description Including Temperature Range- 

MUST CONTAIN THREE OR MORE CHARACTERS 
(From Individual Data Sheets) 


Examples: 


317M 

497A 

79M24 


79L15A 

79L12AC 


Package-- 

MUST CONTAIN ONE OR TWO LETTERS 

D, DW, FN, J, JG, KA, KC, KJ, KK, KV, L, LD, LP, N, P, U 
(From Pin-Connection Diagrams on Individual Data Sheet) 


MIL-STD-883B, Method 5004, Class B 
OMIT/883B WHEN NOT APPLICABLE 



Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer 
(with possible additional costs), circuits will be shipped in the most practical carrier. 


Small Outline (D, DW) 
Dual-ln-Line (J, JG, N, P) 

— Slide Magazines 

— A-Channel Plastic Tubing 

— Sectioned Cardboard Box 

— Individual Cardboard Box 


Power Tab (KA, KC, KJ, KK, KV) 

— Sleeves 

Chip Carriers (FN) 

-Anti-Static Plastic Tubing 
Flat (U) 

— Milton Ross Carrier 


Plug-In (L, LD, LP) 

— Sectional Cardboard Box 

— Individual Cardboard Box 
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MECHANICAL DATA 


D008, D014, and D016 plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 


D008, D014, and D016 

(16-pin package used for illustration) 


6,20 (0.244) Z- 

5,80 (0.228) | 

| 4,00 (0.157) 

3,81 (0.150) 


1,75 (0.069) 
1,35 (0.053) 


0,203(0.008) | 

0,102 (0.004) 

0,79 (0.031) 
0,28 (0.011) 



Jb 


0,457 (0.018) 
0,356 (0.014) 


-PIN SPACING 
1,27 (0.050) 
(See Note A) 


5,21 (0.205 ) 
4,60 (0.181) 


0,229 (0.0090) 
0,190 (0.0075) 



1,12 (0.044) 
0,51 (0.020) 


DIIVI\^ 

8 

14 

16 

A MIN 

4,80 

8,55 

9,80 

M IVIln! 

(0.189) 

(0.337) 

(0.386) 

A MAY 

5,00 

8,74 

10,00 

M IVIM A. 

(0.197) 

(0.344) 

(0.394) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 

B. Body dimensions do not include mold flash or protrusion. 

C. Mold flash or protrusion shall not exceed 0,15 (0.006). 

D. Lead tips to be planar within ±0,051 (0.002) exclusive of solder. 


Texas 

Instruments 


POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 









MECHANICAL DATA 


DW016, DW020, DW024, and DW028 plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 


DW016, DW020, DW024, and DW028 
(20-pin package used for illustration) 



r- 


iT 


-JL 


u* 





,27 (0.050) TP (See Note A 



^\PINS 

DIM^\^ 

16 

20 

24 

28* 

A MIN 

10,16 

12,70 

15,29 

17,68 

(0.400) 

(0.500) 

(0.602) 

(0.696) 

A MAX 

10,36 

12,90 

15,49 

17,88 

(0.408) 

(0.508) 

(0.610) 

(0.704) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



fThe 28-pin package drawing is presently classified as Advance Information. 

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 

B. Body dimensions do not include mold flash or protrusion. 

C. Mold flash or protrusion shall not exceed 0,15 (0.006). 

D. Lead tips to be planar within ±0,051 (0.002) exclusive of solder. 
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MECHANICAL DATA 


FN020, FIM028, FN044, FN068, and FN084 plastic chip carrier packages 

Each of these .chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 


FN020, FN028, FN044. FN068, and FN084 
(28-terminal package used for illustration) 




NO. OF 

A 



B 

C 


TERMINALS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

20 

9,78 

10,03 

8,89 

9,04 

7,87 

8,38 

(0.385) 

(0.395) 

(0.350) 

(0.356) 

(0.310) 

(0.330) 

28 

12,32 

12,57 

11,43 

11,58 

10,41 

10,92 

(0.485) 

(0.495) 

(0.450) 

(0.456) 

(0.410) 

(0.430) 

44 

17,40 

17,65 

16,51 

16,66 

15,49 

16,00 

(0.685) 

(0.695) 

(0.650) 

(0.656) 

(0.610) 

(0.630) 


25,02 

25,27 

24,13 

24.33 

23,11 

23,62 

68 

(0.985) 

(0.995) 

(0.950) 

(0.956) 

(0.910) 

(0.930) 

84 

30,10 

30,35 

29,21 

29,41 

27,69 

28,70 

(1.185) 

(1.195) 

(1.150) 

(1.158) 

(1.090) 

(1.130) 



0,81 (0.032) 


0,66 (0.026) 




LU 


1,52 (0.060) MIN 


3,64 (0.025) MIN 

0,51 (0.020) . . 

0,36 (0.014)^1 r_ 

LEAD DETAIL 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B. 

B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 

C. The lead contact points are planar within 0,10 (0.004). 
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MECHANICAL DATA 


J014 ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 



NOTES: 


A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 
seating plane. 
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MECHANICAL DATA 


J016 ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 



J016 



♦ For memories of 64 bits and up, a few MSI/LSI products in Series 54/74 and Series 54S/74S that are 
derived from memory circuit bars, and complex HCMOS parts, this maximum is 7,62 (0.300). All other 
dimensions apply without modification. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 
seating plane. 
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MECHANICAL DATA 


JG008 ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and an 8-pin lead 
frame. The package is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). 
Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the 
board during soldering. 


JG008 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


KA003 metal flange-mount package 

This hermetically sealed package comprises a base of steel and a can of nickel material. The leads are 
tin-plated Alloy 52 with solder-dip finish. Leads require no additional cleaning or processing when used 
in soldered assembly. 
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MECHANICAL DATA 


KC003 plastic flange-mount package 

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when the package is operated under high-humidity conditions. 


KC003 


0,81 i 0,08 0,64 (0.025) R NOM 




0,64 (0.025) 
0,30 (0.012) 


1 

T 


2,92 (0.115) 
2,03 (0.080) 


15,88 (0.625) 
14,22 (0.560) 


6,86 (0.270) 
5,84 (0.230) 


T 



4,83 (0.190) 
3,56 (0.140) 


1 


T 


1,40 (0.055) 
0,51 (0.020) 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-220AB DIMENSIONS 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. 

B. 


Notches may or may not be present. 

Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condtions. 
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MECHANICAL DATA 


KC005 plastic flange-mount package 

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when the package is operated under high-humidity conditions. 



NOTES: A. Notches may or may not be present. 

B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 


KJ004 metal flange-mount package 

This hermetically sealed package consists of a base and can of nickel-plated steel. The leads are nickel- 
plated Alloy 52 with solder-dip finish. 


KJ004 




ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


KK003 plastic flange-mount package 

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when the package is operated under high-humidity conditions: 



KK003 





ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


KV005 plastic flange-mount package 

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when the package is operated under high-humidity conditions. 


KV005 


3,73 (0.147) 




ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: 


A. Notches may or may not be present. 

B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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Mechanical Data 


MECHANICAL DATA 


L008 metal cylindrical package 

This hermetically sealed cylindrical package consists of a welded metal base and cap with individual leads 
secured by an insulating glass sealant. The gold-plated leads ( — 00) require no additional cleaning or 
processing when used in soldered assembly. 


L008 


1,02 (0.040) 




ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
Same as JEDEC TO-99 and MO-002AK except for diameter of standoff 


NOTE A: Each lead is located within 0,18 (0.007) of its true position at maximum material condition. 
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MECHANICAL DATA 


LD003 metal cylindrical package 

This hermetically sealed cylindrical package consists of a welded metal base and can with individual leads 
secured by an insulating glass sealant. The gold-plated leads ( — 00) require no additional cleaning or 
processing when used in soldered assembly. 



PIN 3 IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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Mechanical Data 


MECHANICAL DATA 


LP003 cylindrical plastic package 

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. Leads require no additional cleaning 
or processing when used in soldered assembly. 
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MECHANICAL DATA 


N014 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The packages 
are intended for insertion in mounting-hole rows on 7,62 (0.300) centers (see Note A). Once the leads 
are compressed and inserted, sufficient tension is provided to secure the package in the board during 
soldering. Leads require no additional cleaning or processing when used in soldered assembly. 


N014 


19,8 (0,780) 


18,0 (0.710) 


7,62 * 0,25 
(0.300 ± 0.010) 
6,35 ± 0,25 
(0.250 ±0.010) 

(0.080) NOM 



2,4 (0.093) R NOM - 
2,8 (0.110) NOM- 


o©©®©@® 




1,78 (0.070) MAX 14 PLACES 


0,25 (0.010) 
14 PLACES 
(See Notes B and 



Falls Within JEDEC TO-116 and EIA MO-001 AA Dimensions 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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Mechanical Data 


MECHANICAL DATA 


N016 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 



N016 


- 19,8 (0.780) MAX 


2,0 (0.080) NOM 



2,4 (0.093) R NOM 
2,8 (0.110) NOM 


® 0 ©@@©®® 

4 


® ©®®®@®® 


1,78 (0.070) MAX 16 PLACES 


•0,25 (0.010) NOM 


SEATING PLANE 


0,36 (0.014) 

0,25 (0.010) 

16 PLACES 
(See Notes B and C) 


Parts may be supplied in accordance 
with the alternate side view at the 
option of Tl plants located in Europe. 
In this case, the overall length of the 
e is 22,1 (0.870) max. 



0,84 (0.033) MIN 
12 PLACES 


0,533(0.021) 


0,381 (0.015) 

16 PLACES 
(See Notes B and C) 


PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 

ALTERNATE SIDE VIEW 
—I*-1,78 (0.070) MAX 16 PLACES 

0,51 (0.020)1 
MIN 1 

3 (0.200) MAX 



k 0,84 (0.033) MIN 
16 PLACES 


PIN SPACING 2,54 (0.100) T.P. 
(See Note A) 


k- 0,533 (0.021) 
0,381 (0.015) 

16 PLACES 
(See Notes B and C) 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: 


A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


N018 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


N018 




ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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Mechanical Data 


MECHANICAL DATA 


P008 dual-in-line plastic package 

This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (See Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Solder-plated leads require no additional cleaning or processing when used in soldered assembly. 



P008 




NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


U010 ceramic flat package 

This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. 
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 
in soldered assembly. 



NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
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TI Sales Offices 


ALABAMA: Huntsville (205) 837-7530. 

ARIZONA: Phoenix (602) 995-1007; 

Tucson (602) 292-2640. 

CALIFORNIA: Irvine (714) 660-1200; 

Roseville (916) 786-9208; 

San Diego (619) 278-9601; 

Santa Clara (408) 980-9000; 

Torrance (213) 217-7010; 

Woodland Hills (818) 704-7759. 

COLORADO: Aurora (303) 368-8000. 
CONNECTICUT: Wallingford (203) 269-0074. 

FLORIDA: Altamonte Springs (305) 260-2116; 
Ft. Lauderdale (305) 973-8502; 

Tampa (813) 885-7411. 

GEORGIA: Norcross (404) 662-7900. 

ILLINOIS: Arlington Heights (312) 640-2925. 

INDIANA: Carmel (317) 573-6400; 

Ft. Wayne (219) 424-5174. 

IOWA: Cedar Rapids (319) 395-9550. 

KANSAS: Overland Park (913) 451-4511. 
MARYLAND: Columbia (301) 964-2003. 
MASSACHUSETTS: Waltham (617) 895-9100. 

MICHIGAN: Farmington Hills (313) 553-1569; 
Grand Rapids (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828-9300. 
MISSOURI: St. Louis (314) 569-7600. 

NEW JERSEY: Iselln (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463-9291; 
Melville (516) 454-6600; 

Plttsford (716) 385-6770; 

Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527-0933; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 

Beaver Creek (513) 427-6200. 

OREGON: Beaverton (503) 643-6758. 
PENNSYLVANIA: Blue Bell (215) 825-9500. 
PUERTO RICO: Hato Rey (809) 753-8700. 
TENNESSEE: Johnson City (615) 461-2192. 

TEXAS: Austin (512) 250-7655; 

Houston (713) 778-6592; 

Richardson (214) 680-5082; 

San Antonio (512) 496-1779. 

UTAH: Murray (801) 266-8972. 

WASHINGTON: Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 782-2899. 

CANADA: Nepean, Ontario (613) 726-1970; 
Richmond Hill, Ontario (416) 884-9181; 

St. Laurent, Quebec (514) 336-1860. 


TI Regional 
Technology Centers 

CALIFORNIA: Irvine (714) 660-8105; 

Santa Clara (408) 748-2220; 

GEORGIA: Norcross (404) 662-7945. 

ILLINOIS Arlington Heights (312) 640-2909. 
MASSACHUSETTS: Waltham (617) 895-9196. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726-1970. 


TI Distributors 


TI AUTHORIZED DISTRIBUTORS 
Arrow/Kleruiff Electronics Group 
Arrow (Canada) 

Future Electronics (Canada) 

GRS Electronics Co., Inc. 
Hall-Mark Electronics 
Marshall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Components 

-OBSOLETE PRODUCT ONLY- 
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(508) 462-9332 


ALABAMA: Arrow/Kierulff (205) 837-6955; 

Hall-Mark (205) 837-8700; Marshall (205) 881-9235; 
Schweber (205) 895-0480. 

ARIZONA: Arrow/Kierulff (602) 437-0750; 

Hall-Mark (602) 437-1200; Marshall (602) 496-0290; 
Schweber (602) 431-0030; Wyle (602) 866-2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow/Kierulff (818) 701-7500, (714) 838-5422; 
Hall-Mark (818) 773-4500, (714) 669-4100; 

Marshall (818) 407-0101, (818) 459-5500, 

(714) 458-5395; Schweber (818) 880-9686: 

(714) 863-0200, (213) 320-8090; Wyle (818) 880-9000, 
(714) 863-9953; Zeus (714) 921-9000; (818) 889-3838; 
Sacramento: Hall-Mark (916) 624-9781; 

Marshall (916) 635-9700; Schweber (916) 364-0222; 
Wyle (916) 638-5282; 

San Diego: Arrow/Kierulff (619) 565-4800; 

Hall-Mark (619) 268-1201; Marshall (619) 578-9600; 
Schweber (619) 450-0454; Wyle (619) 565-9171; 

San Francisco Bay Area: Arrow/Kierulff (408) 745-6600, 
Hall-Mark (408) 432-0900; Marshall (408) 942-4600; 
Schweber (408) 432-7171; Wyle (408) 727-2500; 

Zeus (408) 998-5121. 

COLORADO: Arrow/Kierulff (303) 790-4444; 

Hall-Mark (303) 790-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 

CONNETICUT: Arrow/Kierulff (203) 265-7741; 
Hall-Mark (203) 271-2844; Marshall (203) 265-3822; 
Schweber (203) 264-4700. 

FLORIDA: Ft. Lauderdale: 

Arrow/Kierulff (305) 429-8200; Hall-Mark (305) 971-9280; 
Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: Arrow/Kierulff (407) 323-0252; 

Hall-Mark (407) 830-5855; Marshall (407) 767-8585; 
Schweber (407) 331-7555; Zeus (407) 365-3000; 
Tampa: Hall-Mark (813) 530-4543; 

Marshall (813) 576-1399; Schweber (813) 541-5100. 

GEORGIA: Arrow/Kierulff (404) 449-8252; 

Hall-Mark (404) 447-8000; Marshall (404) 923-5750; 
Schweber (404) 449-9170. 

ILLINOIS: Arrow/Kierulff (312) 250-0500; 

Hall-Mark (312) 860-3800; Marshall (312) 490-0155; 
Newark (312) 784-5100; Schweber (312) 364-3750. 

INDIANA: Indianapolis: Arrow/Kierulff (317) 243-9353; 
Hall-Mark (317) 872-8875; Marshall (317) 297-0483; 
Schweber (317) 843-1050. 

IOWA: Arrow/Kierulff (319) 395-7230; 

Schweber (319) 373-1417. 

KANSAS: KansasCIty: Arrow/Kierulff(913)541-9542; 
Hall-Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492-2922. 
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MARYLAND: Arrow/Kierulff (301) 995-6002; 

Hall-Mark (301) 988-9800; Marshall (301) 235-9464; 
Schweber (301) 840-5900; Zeus (301) 997-1118. 

MASSACHUSETTS Arrow/Kierulff (508) 658-0900; 
Hall-Mark (508) 667-0902; Marshall (508) 658-0810; 
Schweber (617) 275-5100; Time (617) 532-6200; 

Wyle (617) 273-7300; Zeus (617) 863-8800. 

MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290; 
Hall-Mark (313) 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600; Schweber (313) 525-8100; 
Grand Rapids: Arrow/Kierulff (616) 243-0912. 

MINNESOTA: Arrow/Kierulff (612) 830-1800; 

Hall-Mark (612) 941-2600; Marshall (612) 559-2211; 
Schweber (612) 941-5280. 

MISSOURI: St. Louis: Arrow/Kierulff (314) 567-6888, 
Hall-Mark (314) 291-5350; Marshall (314) 291-4650; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968; 
Schweber (603) 625-2250. 

NEW JERSEY: Arrow/Kierulff (201) 538-0900, 

(609) 596-8000; GRS Electronics (609) 964-8560; 
Hall-Mark (201) 575-4415, (201) 882-9773, 

(609) 235-1900; Marshall (201) 882-0320, 

(609) 234-9100; Schweber (201) 227-7880. 

NEW MEXICO: Arrow/Kierulff (505) 243-4566. 

NEW YORK: Long Island: 

Arrow/Kierulff (516) 231-1009; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424; Schweber (516) 334-7474; 
Zeus (914) 937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; 

Hall-Mark (716) 425-3300; Marshall (716) 235-7620; 
Schweber (716) 424-2222; 

Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow/Kierulff (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 

Marshall (919) 878-9882; Schweber (919) 876-0000. 

OHIO: Cleveland: Arrow/Kierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; 
Schweber (216) 464-2970; 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513) 435-5563; 

Marshall (513) 898-4480; Schweber (513) 439-1800. 

OKLAHOMA: Arrow/Kierulff (918) 252-7537; 
Schweber (918) 622-8003. 

OREGON: Arrow/Kierulff (503) 645-6456; 

Marshall (503) 644-5050; Wyle (503) 640-6000. 

PENNSYLVANIA: Arrow/Kierulff (412) 856-7000, 

(215) 928-1800; GRS Electronics (215) 922-7037; 
Marshall (412) 963-0441; Schweber (215) 441-0600, 
(412) 963-6804. 

TEXAS: Austin: Arrow/Kierulff (512) 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; 
Schweber (512) 339-0088; Wyle (512) 834-9957; 
Dallas: Arrow/Kierulff (214) 380-6464; 

Hall-Mark (214) 553-4300; Marshall (214) 233-5200; 
Schweber (214) 661-5010; Wyle (214) 235-9953; 

Zeus (214) 783-7010; 

El Paso: Marshall (915) 593-0706; 

Houston: Arrow/Kierulff (713) 530-4700; 

Hall-Mark (713) 781-6100; Marshall (713) 895-9200; 
Schweber (713) 784-3600; Wyle (713) 879-9953. 

UTAH: Arrow/Kierulff (801) 973-6913; 

Hall-Mark (801) 972-1008; Marshall (801) 485-1551; 
Wyle (801) 974-9953. 

WASHINGTON: Arrow/Kierulff (206) 575-4420; 
Marshall (206) 486-5747; Wyle (206) 881-1150. 

WISCONSIN: Arrow/Kierulff (414) 792-0150; 

Hall-Mark (414) 797-7844; Marshall (414) 797-8400; 
Schweber (414) 784-9020. 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 

Montreal: Arrow Canada (514) 735-5511; 

Future (514) 694-7710; 

Ottawa: Arrow Canada (613) 226-6903; 

Future (613) 820-8313; 

Quebec City: Arrow Canada (418) 871-7500; 

Toronto: Arrow Canada (416) 672-7769; 

Future (416) 638-4771; Marshall (416) 674-2161; 
Vancouver: Arrow Canada (604) 291-2986; 

Future (604) 294-1166. 


Customer 
Response Center 

TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995-6611 

(8:00 a.m. - 5:00 p.m. CST) 
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TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 

AZ 85021, (602) 995-1007;TUCSON: 818 W. Miracle 
Mile, Suite 43, Tucson, AZ 85705, (602) 292-2640. 

CALIFORNIA: Irvine: 17891 Cartwright Dr., Irvine, CA 
92714, (714) 660-1200; Roseville: 1 Sierra Gate 
Plaza, Roseville, CA 95678, (916) 786-9208; 

San Diego: 4333 View Ridge Ave., Suite 100, 

San Diego, CA 92123, (619) 278-9601; 

Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000, Torrance: 690 Knox St„ 
Torrance, CA 90502, (213) 217-7010; 

Woodland Hills: 21220 Erwin St., Woodland Hills, 

CA 91367, (818) 704-7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 

Suite 101, Aurora, CO 80012, (303) 368-8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
Rd., Barnes Industrial Park, Wallingford, 

CT 06492, (203) 269-0074. 

FLORIDA: Altamonte Springs: 370 S. North Lake Blvd, 
Altamonte Springs, FL 32701, (305) 260-2116; 

Ft. Lauderdale: 2950 N.W. 62nd St., 

Ft. Lauderdale. FL 33309, (305) 973-8502; 

Tampa: 4803 George Rd., Suite 390, 

Tampa, FL 33634, (813) 885-7411. 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 

ILLINOIS: Arlington Heights: 515 W. Algonquin. 
Arlington Heights, IL 60005, (312) 640-2925. 

INDIANA: Ft. Wayne: 2020 Inwood Dr., 

Ft. Wayne, IN 46815, (219) 424-5174; 

Carmel: 550 Congressional Dr., Carmel, IN 46032, 
(317) 573-6400. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids. IA 52402, (319) 395-9550. 

KANSAS: Overland Park: 7300 College Blvd., Lighton 
Plaza, Overland Park, KS 66210, (913) 451-4511. 

MARYLAND: Columbia: 8815 Centre Park Dr., 
Columbia MD 21045, (301) 964-2003. 

MASSACHUSETTS: Waltham: 950 Winter St., 
Waltham, MA 02154, (617) 895-9100. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hills, Ml 48018, (313) 553-1569. 

Grand Rapids: 3075 Orchard Vista Dr. S.E., 

Grand Rapids, Ml 49506, (616) 957-4200. 

MINNESOTA: Eden Prairie: 11000 W. 78th St., 

Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: St. Louis: 11816 Borman Drive, 

St. Louis, MO 63146, (314) 569-7600. 

NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050. 

NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer Dr., 

East Syracuse, NY 13057, (315) 463-9291; 

Melville: 1895 Walt Whitman Rd., P.O. Box 2936, 
Melville, NY 11747, (516) 454-6600; 

Pittsford: 2851 Clover St., Pittsford, NY 14534, 

(716) 385-6770; 

Poughkeepsie: 385 South Rd., Poughkeepsie, 

NY 12601, (914) 473-2900. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 

527-0933; Raleigh: 2809 Highwoods Blvd., Suite 100, 
Raleigh, NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; 

Beavercreek: 4200 Colonel Glenn Hwy., 

Beavercreek, OH 45431, (513) 427-6200. 


OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: Blue Bell: 670 Sentry Pkwy, 

Blue Bell, PA 19422, (215) 825-9500. 

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg., 

Suite 505, Hato Rey, PR 00918, (809) 753-8700. 

TENNESSEE: Johnson City: Erwin Hwy, 

P.O. Drawer 1255, Johnson City, TN 37605 
(615)461-2192. 

TEXAS: Austin: 12501 Research Blvd., Austin, TX 
78759, (512) 250-7655; Richardson: 1001 E. 
Campbell Rd., Richardson, TX 75081, 

(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 250, Houston, TX 77074, (713) 778-6592; 

San Antonio: 1000 Central Parkway South, 

San Antonio, TX 78232, (512) 496-1779. 

UTAH: Murray: 5201 South Green St., Suite 200, 
Murray, UT 84123, (801) 266-8972. 

WASHINGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite 
150, Brookfield, Wl 53005, (414) 782-2899. 

CANADA: Nepean: 301 Moodie Drive, Mallorn Center, 
Nepean, Ontario, Canada, K2H9C4, 

(613) 726-1970. Richmond Hill: 280 Centre St. E., 
Richmond Hill L4C1B1, Ontario, Canada 
(416) 884-9181; St. Laurent: Ville St. Laurent 
Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4S1R7, (514) 336-1860. 


ARGENTINA: Texas Instruments Argentina Viamonte 
1119, 1053 Capital Federal, Buenos Aires, Argentina, 
541/748-3699 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 

2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 

BELGIUM: Texas Instruments N.V. Belgium S.A.: 11, 
Avenue Jules Bondetlaan 11, 1140 Brussels, Belgium, 
(02) 242-3080. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Lome, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments A/S, Mairelundvej 46E, 
2730 Herlev, Denmark, 2 - 91 74 00. 

FINLAND: Texas Instruments Finland OY: 

Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (90) 
0-461-422. 

FRANCE: Texas Instruments France: Paris Office, BP 
67 8-10 Avenue Morane-Saulnier, 78141 Velizy- 
Villacoublay cedex (1) 30 70 1003. 

GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
8050 Freising, 8161 +80-4591; Kurfuerstendamm 
195/196, 1000 Berlin 15, 30 + 882-7365; III, Hagen 
43/Kibbelstrasse, .19, 4300 Essen, 201-24250; 
Kirchhorsterstrasse 2, 3000 Hannover 51, 

511 +648021; Maybachstrabe 11, 7302 Ostfildern 
2-Nelingen, 711+34030. 
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HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon, 
Hong Kong, (852) 3-7351223. 

IRELAND: Texas Instruments (Ireland) Limited: 

7/8 Harcourt Street, Stillorgan, County Dublin, Eire, 

1 781677. 

ITALY: Texas Instruments Italia S.p.A. Divisions 
Semiconduttori: Viale Europa, 40, 20093 Cologne 
Monzese (Milano), (02) 253001; Via Castello della 
Magliana, 38, 00148 Roma, (06) 5222651; 

Via Amendola, 17, 40100 Bologna, (051) 554004. 

JAPAN: Tokyo Marketing/Sales (Headquarters): 

Texas Instruments Japan Ltd., MS Shibaura Bldg., 9F, 
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan, 
03-769-8700. Texas Instruments Japan Ltd.: Nissho- 
Iwai Bldg. 5F, 30 Imabashi 3-chome, Higashi-ku, 

Osaka 541, Japan, 06-294-1881; Daini Toyota West 
Bldg. 7F, 10-27 Meieki 4-chome, Nakamura-ku, 
Nagoya 450, 052-583-8691; Daiichi Seimei Bldg. 6F, 
3-10 Oyama-cho, Kanazawa 920, Ishikawa-ken, 
0762-23-5471; Daiichi Olympic Tachikawa Bldg. 6F, 

1- 25-12 Akebono-cho, Tachikawa 190, Tokyo, 
0425-27-6426; Matsumoto Showa Bldg. 6F, 2-11 
Fukashi 1-chome, Matsumoto 390, Nagano-ken, 
0263-33-1060; Yokohama Nishiguchi KN Bldg. 6F, 

2- 8-4 Kita-Saiwai-cho, Nishi-ku, Yokohama 220, 
045-322-6741; Nihon Seimei Kyoto Yasaka Bldg. 5F, 
843-2 Higashi Shiokohjidori, Nishinotoh-in Higashi-iru, 
Shiokouji, Shimogyo-ku, Kyoto 600, 075-341-7713; 
2597-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita- 
ken, 09786-3-3211; Miho Plant, 2350 Kihara Miho- 
mura, Inashiki-gun 300-04, Ibaragi-ken, 

0298-85-2541. 

KOREA: Texas Instruments Korea Ltd., 28th FI., Trade 
Tower, #159, Samsung-Dong, Kangnam-ku, Seoul, 
Korea 2 + 551-2810. 

MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes—115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06120, 525/525-3860. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 

NETHERLANDS: Texas Instruments Holland B.V., 

19 Hogehilweg, 1100 AZ Amsterdam—Zuidoost, 
Holland 20 + 5602911. 

NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 0585, Oslo 5, Norway, (2) 155090. 

PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 Citic 
Bldg., 19 Jianguomenwai Dajje, Beijing, China, (861) 
5002255, Ext. 3750. 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th Floor, 
Ba- Lepanto Bldg., Paseo de Roxas, Makati, Metro 
Manila, Philippines, 817-60-31. 

PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico Ulrich, 
2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Singapore (PTE) Ltd., 
Asia Pacific Division, 101 Thompson Rd. #23-01, 
United Square, Singapore 1130, 350-8100. 

SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No. 6, Madrid 28036, 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): S-164-93, Stockholm, 
Sweden, 8 - 752-5800. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 

1-740 2220. 

TAIWAN: Texas Instruments Supply Co., 9th Floor 
Bank Tower, 205 Tun Hwa N. Rd., Taipei, Taiwan, 
Republic of China, 2 + 713-9311. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
270111. 
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